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This  phase  of  the  research  entailed: 

I.  Completing  the  work  relating  to  the  use  of  C-18  Sep-Pak 

■ini  coluans  for  concentrating  water-soluble  JP-4  derived 
alkylbanzenes.  This  research  has  been  subaitted  aad  ac¬ 
cepted  for  publication  in  the  fllflLEIIB  OP  Sl£lt&ffl£IL£A4 
CONTAajN Agios  AMD  XOglCO^DG g.  This  paper  will  appear  ia 

vol.  27  no.  6  (Deceabar) .  1981. 

II.  Determining  the  solubilities  of  the  major  JP-4  jet  fuel 
alkylbanzenes  in  water  at  fire  different  temperatures  aad 
four  different  salinities.  This  stady  has  been  coapleted 
and  a  aanuscript  is  in  final  stages  of  preparation. 

III.  Coapleting  studies  to  deteraine  the  LC  50  and  HATC  for 
toluene  in  fathead  minnow  eabcyos,  1-day  posthatch  proto¬ 
larvae  and  30-day  old  fish.  This  study  is  the  basis  of  a 
aanuscript  which  has  been  coapleted  and  is  included  as  a 
part  of  this  report.  It  will  be  subaitted  to  BOlIgyill  OP 
SMIiiaSISSIii  £34X44124X10*  A«2  yoncoLOGy. 

17.  Preparing  a  aanuscript  describing  the  water-soluble 

Lethal  aad  No-Effect  Levels  of  Toluene  on  the  Fathead  Hia- 
now.  Analysis  of  these  exhausts  was  coapleted  using  tech- 
nigues  aad  eguipaent  described  under  phases  I  and  II 
above.  This  aanuscript  has  been  accepted  for  publication 

in  44£ftII££  EQI  mi2Q2S£MX4L  £3tt4&XI4XX31L  4M 

fOEICOfrQSy.  and  is  included  as  Appendix  B  of  this  report. 


¥.  Continuing  with  the  description  of  early  stages  of 

eibryonic  development  in  the  fathead  aianow  at  20  C  and  25 
C.  The  effects  of  toluene  exposure  upon  development  ace 
also  under  investigation. 

VI.  Continuing  the  measurement  of  benzene  and  toluene 
metabolism  by  the  12,000  x  g  liver  supernatant. 

711.  Initiating  scanning  electron  microscopy  (SEH)  studies 
on  control  and  toluene-exposed  fathead  minnows. 


I.  l  copy  of  the  accepted  manuscript:  £Si  ®F  BKTKKSl  PHASE 

£-11  UELz&SAUi  Eli  C2KC£ItKAX£«6  lAXM-saWiM 

HIPIOCAtBOIS  submitted  to  BBIUTIB  OP  SIFIBOMEITM. 
COIT1 ail ATI 0»  AID  TQXICQ106T  is  included  la  Appendix  A. 


It-  The  solubility  of  the  major  JP-*  jet  fuel  alkylfeenxenau 
mas  deternined  nsing  the  following  paraneters: 

A.  Five  water  temperatures  over  the  range  of  3C  and  37c. 

B.  Four  different  water  salinities  for  each  of  the  five 
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in  which  most  freshwater  aquatic  organisms  are  found. 
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The  aaBUscri.pt  in  which  the  results  of  this  study  are  de¬ 
scribed  is  given  below. 


SOLUBILITY  OP  MAJOR  JP-4  JET  FUEL  ALK YLBENZENES  IM  HATER  OP 
DIFFERENT  SALINITY  AND  TEBPBBAIURE 

B. L-  Puyear,  K.J.  Fleckenstein  and  J.D.  Branmer 


-  3  - 


Introduction 


JP-4  jet  fuel  is  primarily  kerosene,  although  actual  coi- 
position  varies  considerably  froe  one  batch  to  another. 
Kerosene  consists  o£  approximately  40%  alkanes  (by  weight) 
and  2%  alkylbenzenes  (SMIDE8,  et  al.  1963).  MORBOM  (197U) 
has  shown  that  the  alkanes  are  relatively  harnless  in  an 
aqueous  environment.  The  alkylbenzenes,  however,  are  far 
more  toxic.  JP-4  used  in  this  study  included  approximately 
4%  toluene  (by  volume)  and  2-3%  xylenes  (m-,  p-,  and  o-xy- 
lene)  . 

PICKERIN3,  et  al.  (1966)  found  varying  degrees  of  toxici¬ 
ty  of  some  alkylbenzenes  depending  upon  water  hardness,  pH, 
and  temperature.  Other  studies  have  shown  that  any  one  or 
combination  of  these  factors  could  influence  the  water-solu¬ 
bility  of  various  hydrocarbons  (BOBBA,  et  al. ,  1979;  FBIAHT 
and  SUFFET,  1979).  BOBBA,  et  al.,  (1979)  reported  the  so¬ 
lubility  of  aromatic  hydrocarbons  was  less  in  sea  water  than 
fresh  water.  HCAULLIFE  (1971)  found  the  solubility  of  aro¬ 
matic  hydrocarbons  such  as  toluene  and  benzene  decreased  as 
the  concentration  of  HaCl  increased.  FBI AMT  and  SUFFBT 
(1979)  demonstrated  that  although  temperature  and  electro¬ 
lyte  concentration  influenced  the  solubility  of  the  hydro¬ 
carbons  they  studied,  pH  had  no  significant  influence  upon 
solubility.  In  this  study  we  examined  the  effects  of  water 
hardness  and  temperature  upon  the  solubility  of  hydrocarbons 
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FIq  1.  Solubility  ol  JP-4  Aik  y  Ibamanas  •• 

AHactsd  by  Salinity  and  Tamparatura. 

PANELS: 

A  :  Glass  Distlllad  Watar 
S  :  Tap  Watar  (Hdns.SO  PPM  as  CaCOS) 
C  :  50%  Saawatar 
0  :  100%  Saawatar 
E  :  Composita  ol  all  Four  Sallnitias 

Flaps  In  Panala  A-D  aqua)  1  Standard  Error 
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Materials  and  Methods 


The  hydrocarbon  standards  used  were  analytical  grade 
(Alltech  Assoc.).  Solvents  were  spectral  grade  (Burdick,  and 
Jackson).  The  JP-4  jet  £ ael  was  obtained  froa  the  North  Da¬ 
kota  Air  National  Guard,  Fargo,  N.D.  Hydrocarbons  Here  con¬ 
centrated  using  nini-coluaus  (Sep-Pak  C-18,  Haters  and  As¬ 
soc.)  according  to  procedures  described  previously  (PUXEAB 
et  al,  in  press)  . 

Fargo  tapwater  has  a  hardness  of  80  PPM  CaC03.  Seawater 
was  prepared  using  Instant  Ocean (Aguariun  Systeas  Inc., 
Hicklif£e,  OH)  synthetic  sea  salts  in  tap-water.  Full- 
strength  seawater  had  a  specific  gravity  of  1.02S;  specific 
gravity  of  half-strength  sea  water  was  1.015;  CaC03  hardness 
was  6400  and  3200  PPM  respectively. 

Hater-soluble  fractions  of  JP-4  were  prepared  by  slowly 
nixing  100  ul  of  JP-4  in  50.0  al  hydrocarbon-free  water  for  2 
hours  in  silanized  1  liter  glass  stoppered  erlenaeyer 
flasks.  This  voluue  provided  concentrations  of  individual 
water-soluble  coaponents  which  could  readily  be  guantified, 
but  which  were  still  below  their  reported  saturation  level 
in  water.  This  solution  was  then  put  into  a  separatory  fun¬ 
nel  and  allowed  to  stand  for  2  hours.  Following  this,  200  al 
of  the  JP-4  water  nixture  was  drawn  froa  the  separatory 
funnel  and  concentrated  using  a  C-18  Sep-Pak  (PUfEAB  et  al, 
in  press).  In  those  cases  where  the  vapor  phase  was  sam¬ 
pled,  nixing  was  done  in  a  24/40  standard  tapered  1  liter 


erlenmeyer  flask,  fitted  with  a  24/40  staadacd  tapered  syr¬ 
inge  needle  adaptor  stopper.  After  nixing  for  two  hours, 
the  vapor  phase  in  the  flask  was  analyzed  chromatographical- 
Ly.  Sanples  were  injected  using  a  Valeo  6-port  valve  nain- 
tained  at  roon  temperature.  This  injection  valve  was  fitted 
with  a  250  ul  sample  loop.  The  sample  loop  was  filled  by 
evacuating  it  to  a  negative  15  pounds  per  square  inch.  Af¬ 
ter  duplicate  chromatographic  analyses  of  the  headspaces, 
the  aqueous  phase  was  then  poured  into  a  separatory  flask 
and  processed  as  described  above. 

Hydrocarbons  were  detected  using  a  V arias  3760  gas  chro¬ 
matograph  with  a  flame  ionization  detector.  A  glass  chroma¬ 
tographic  column  (2  mm  i.d.  by  1.8  m)  was  packed  with  10% 
1,2,3-tris  (2-cyanoe  thoxy)  propane  (TCEP)  on  100/200  mesh 
Chromosorb  PAH  (Supelco,  Inc.). 

Components  of  JP-4  were  identified  by  comparison  with  re¬ 
tention  times  of  standard  hydrocarbons  and  by  peak-enhance¬ 
ment  methods.  The  aliphatics  were  mot  baseline-resolved, 
and  could  not  be  conclusively  identified.  Concentrations  of 
alky lbenzenes  were  calculated  using  the  external  standard 
method,  with  a  Spectra  Physics  SP-4000  data  system.  Concen¬ 
trations  are  reported  in  PPM  by  volume  (ul/1) .  The  data 
analysis  was  performed  using  Statistical  Analysis  System 
(SAS,  1979),  and  Duncan* s  Multiple  Bange  was  employed  for 
testing  significant  differences  in  alkylbemzene  solubili¬ 
ties.  SAS/5BAPH (1981)  was  used  for  plotting  data. 


Results 


The  sight  alkyibenzeaes  preseat  in  highest  coacentratioa 
in  JP-4  that  have  been  identified  and  quantified  are  listed 
in  Table  1  These  concentrations  were  obtained  by  chromato¬ 
graphic  analysis  of  JP-4  in  ethyl  acetate.  The  aliphatics 
appear  in  auch  higher  concentrations  in  JP-4,  but  because  of 
their  low  water-solubility  and  high  volatility,  they  were 
not  present  in  significant  (nor  reproducible)  amounts  in  the 
water-soluble  portion. 


TABLE  1 

PERCENT  DP  HAJOR  ALKYLBENZENES  IN  JP-4 


| COUPON Elf 

PERCENT 

- • 

1  Toluene 

7.3 

1  Ethylbenzene 

0.6 

1  Xylenes  (n  &  p) 

2-3 

j  o-xylene 

1-0 

J  3,4-ethyltoluene 

0.7 

J  2-ethy ltoluene 

0.2 

1  1,2,4-trinethylbenzene 

1-2 

I  1,2,3-trinethylbenzene 

0-  1 

J 

- 

Benzene  was  not  detected  using  the  present  chronato- 
graphic  conditions.  JP-4  was  added  to  ethyl  acetate 
(2  PPH  r/v)  and  1  ul  chromatographed. 


Haximun  aqueous  solubility  of  JP-4  alkyibenzeaes  are 
listed  in  Table  2  These  were  obtained  by  nixing  JP-4  in 
glass-distilled  water  at  25  C  for  2  hours;  then  placed  in  a 
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separatory  funnel  for  t*o  hours  before  concentrating  with  a 
Sep-Pat.  it  lower  temperatures  these  values  should  increase 
sonewhat.  It  should  be  noted  here  that,  even  in  the  highest 
concentrations,  the  naxinun  solubility  for  any  single  con- 
pound  was  30  PPM  or  less. 


TABLE  2 

MAXIMUS  CONCENTRATION  OP  JP-4  DEBITED  ALKIL BENZENES  IN 
GLASS-DISTILLED  HATER  AT  BOOM  TEMPEBATUBE 


COMPONENT 

Toluene 
Eth ylbenzene 
Xylenes  (a  &  p) 
o-xylene 

3.4- ethyltoluene 
2-ethy ltoluene 

1. 2 .4-  trinethylbenzeue 
1,2,3-trinethylbenzene 


COICENTSLATION 

30 

3 

6 

2 

1 

0.3 

1 

0.5 


Each  value  is  the  naan  of  4  duplicate  deterninations. 
Values  are  expressed  as  PPM(v/v). 


Hith  a  view  to  investigating  possible  antagonistic  ef¬ 
fects  of  alkylbenzenes,  the  experineot  summarized  in  Table  3 
was  perforned.  Starting  with  toluene  in  glass-distilled  wa¬ 
ter,  and  progressing  on  to  a  nixture  of  4  compounds,  single 
hydrocarbons  were  nixed  in  glass-distilled  water  for  2  hours 
and  concentrated  with  a  Sep-Pat  as  described  above.  The 
volunes  of  hydrocarbon  added  in  these  sanples  were  conpara- 
ble  to  the  volunes  in  JP-4  at  saturation  level. 


TABLE  3 


RECOVER!  OF  ALKTLBENZENES  FBOM  5 LASS- DISTILLED  HATER  HHEB 
ADDED  IN  VARIOUS  COMBINATIONS 


I - - 1 

i  C0|P0Ug£s  Uca£SESfi(£PD  I 

jCOBPOBIBIS  Tol  Xyl  O-xyl  Et-benx  Total  J 

|  Tol  213  213  | 

1  Tol*Xyl+0-xyl  106  34  37  177  1 

1  Tol*Xy l*0-xyl  98  24  43  30  195  | 

J  ♦  Et-banz  I 

_ _ » 


Each  value  is  the  mean  of  4  duplicate  determinations. 

Values  are  expressed  as  PPM(v/v).  Abbreviations:  Tol, 
Toluene:  Xyl,  a  6  p-xylene;  O-xyl,  o- xylene;  Et-benz, 
Ethylbenzene. 

Results  indicate  the  anount  of  toluene  recovered  in  the 
aqueous  phase,  when  it  was  the  only  hydrocarbon  present,  was 
greater  than  when  it  was  present  with  other  compounds.  This 
may  account  for  the  lov  solubilities  for  these  compounds 
when  present  in  JP-4.  It  can  also  be  seen  that  the  total 
alkyl  benzenes  recovered  in  each  of  the  test  parameters  stud¬ 
ied  was  about  the  same. 

The  compounds  naking  up  JP-4  have,  in  general,  very  low 
water  solubilities.  In  order  to  establish  what  propqrtion 
of  the  JP-4  went  into  the  vapor  phase,  sanples  were  nixed  in 
glass  stoppered  erlenneyer  flasks  with  stoppers  that  allowed 
the  vapor  phase  to  be  sampled  and  analyzed  chromatograph!- 


call/  before  the  aqueous  phase  was  concentrated.  It  was 
found  that  even  at  law  concentrations  of  JP-4  (100  PPB  or 
approximately  10  PPM  alkylbeazeues)  as  auch  as  50%  of  the 
toluene  could  not  be  accounted  for  in  either  the  liquid  or 
vapor  phases.  Even  at  these  low  concentrations,  an  "oil 
slick"  layer  was  observed  between  the  aqueous  and  vapour 
phase  .  It  was  concluded  that  the  alkylbenzenes  not  ac¬ 
counted  for  were  found  in  this  interface.  8hen  larger  vol- 
unes  of  JP-4  were  added  to  the  surface  of  the  aqueous  phase 
in  the  flask,  it  did  not  appreciably  increase  the  concentra¬ 
tion  of  alkylbenzenes  in  either  the  headspace  or  aqueous 
phases.  The  anount  in  the  "oil  slick"  sinply  increases. 

The  effects  of  teaperature  and  water  hardness  on  solubil¬ 
ity  were  investigated  using  glass-distilled  water,  tap  wa¬ 
ter,  50*  seawater,  and  seawater.  The  temperatures  used  were 
3,  14,  24,  28,  and  37  C.  Although  the  graph  (Figure  1) 
shows  a  dip  in  solubility  between  0  C  and  28  C,  this  is  not 
statistically  significant.  The  unusual  shape  of  the  curves 
are  probably  due  to  the  non-ideal  nature  of  the  systen. 

fiiscusaion 

The  paraneters  chosen  for  water  quality  in  the  solubility 
tests  were  used  to  represent  the  range  of  conditions  under 
which  aquatic  organises  can  noraally  live.  The  aost  signif¬ 
icant  effect  was  due  to  teaperature.  The  aaxiaua  solubility 
occurs  at  a  teaperature  just  above  freezing,  with  a  second 
aaxiaua  at  about  28  C. 


Solubility  values  for  toluene  and  the  xylenes  (Table  2) 
ace  considerably  below  the  solubilities  reported  by 
NCAQLLIFB  (1966,  1971).  His  work  was  done  with  single  con- 
pounds,  and  not  with  conplex  aixtures  such  as  JP-4.  This 
nay  account  for  the  reduced  aqueous  solubility.  This  was 
further  substantiated  by  the  data  reported  in  Table  3.  The 
total  alkylbenzeae  solubility  was  about  equal,  no  natter 
whether  a  single,  or  several  conponents  were  present  in  the 
aqueous  systea. 
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III.  tka  Lethal  Concentration  for  a  501  kill  (LC  50)  and  a 
Haxia  *«  Acceptable  toxic  Coaceatratioa  (BATC)  for  toluene 
eas  deteraiaed  for  the  following  developaeatal  stages  of  the 
fathead  winnow: 

A.  Eabr/o 

B.  1-da/  posthatch  protolarvae 

C.  30-day  old  fish 

A  text  of  the  aanuscript  and  results  follow: 

LETHAL  AND  NO-EFFECT  LEVELS  OF  XOLDENE  ON  THE  FATHEAD 

HIMNOW, 

PiHEPgAtE§  P80HELAS. 

E-N-  Devlin,  J.D.  Braawer,  and  fi.L.  Puyear 


UUaiaafciaa. 

Toluene  is  an  aronatic  hydrocarbon  widely  used  as  an  in¬ 
dustrial  solvent.  It  is  also  a  aajor  coaponent  of  the  water 
soluble  fraction  of  refined  oils  (Puyear,  et  al. ,  1981; 
Holfe,  1977).  Like  other  aronatic  hydrocarbons,  toluene  is 
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toxic  to  aaay  aquatic  organisms  (Berry  and  Braaaer,  197T; 
Halins,  1977;  Dunstan,  1975;  Potera#  1975;  Tates,  1975). 

Host  toxicity  tests  with  toluene  have  been  perforaed  un¬ 
der  static  conditions  on  post-eabryonic  aguatic  organisms. 
Little  wort  has  been  done  on  toluene*s  effect  on  eabryoaic 
and  early  larval  stages,  although  these  stages  are  kaovn  to 
be  more  sensitive  to  toxic  stress  (Stoss  and  Baines,  1979; 
Erast  and  Neff,  1977).  Early  life  cycle  testing  is  helpful 
in  evaluating  toxic  effects  of  a  coapound. 

The  LC  50  value  (lethal  concentration  to  50X  of  the  popu¬ 
lation)  is  a  coaaonly  used  index  of  a  coapouad's  toxicity, 
while  the  Haxiaua  Acceptable  Toxic  Concentration  (HATC)  is 
often  used  as  a  criterion  for  deternining  "safe"  levels  of  a 
coapound  in  the  environaent  (Nount  and  Stephan,  1967).  This 
study  was  designed  to  deteraine  both  the  LC  50  and  HATC  val¬ 
ues  of  toluene  on  the  fathead  ainnow,  Piaephales  prom el as. 
The  96-hour  LC  50  values  were  deteraiaed  for  eabryos,  1-day 
posthatch  protolarvae  (Snyder  et  al. ,  1977)  and  30-day  old 
fish.  The  HATC  value  was  deterained  for  30-day  old  ainnows. 

qethods 

Several  bioassay  systeas  have  been  designed  to  provide 
continuous  or  interaittent  supply  of  control  water  and  water 
water-toxicant  aixtures  to  a  series  of  exposure  tanks 
(Leake,  et  al. ,  1978;  Peltier,  1978;  Defoe,  1975;  Brungs  and 
Hount,  1970).  These  systeas  typically  are  larger  than  acc¬ 
essary  for  toxicity  tests  with  fish  eabryos  and  larvae.  A 


stall  enclosed  nini-diluter  systen  described  by  Benoit-a,  et 
al-  (in  press)  and  a  larger  multichannel  toxicant  injector 
diluter  systea  described  by  Defoe  (1975)  were  used  as  expo¬ 
sure  systeas  during  this  study. 

The  Defoe  diluter  systen  was  used  for  a  96-hour  LC  50 
test  with  30-day  old  fathead  minnows,  and  a  32-day  eabryo 
larval  test.  Twelve  5  liter  glass  exposure  tanks  were  fit¬ 
ted  with  stand-pipes  to  aaintain  a  water  depth  of  5  inches. 
The  diluter  board  was  set  to  deliver  a  flow  rate  of  1  liter 
every  5  aiautes  to  each  exposure  tank.  This  aiaiaized  the 
problem  of  volatilization  of  the  toluene,  and  maintained 
constant  dissolved  oxygen  levels.  Pour  ounce  glass  jars 
fitted  with  stainless  steel  screen  bottoas  served  as  egg 
cups  during  the  eabryo-larval  test.  Sgg  cups  were  suspended 
fron  a  notorized  rocker  arm  assenbly.  The  gentle  up  and 
down  notion  provided  constant  exchange  of  water  in  the  egg 
cups.  The  entire  systen  was  enclosed  in  clear  plastic,  and 
aaintained  under  negative  air  pressure-  Filtered  Lake  su¬ 
perior  water  (pH  7.6,  hardness  45  PPH  eg.  CaC03)  aaintained 
at  25  C  was  used  as  dilution  water.  The  96-hour  LC  50  tests 
of  toluene  on  fatheai  minnow s  were  perfumed  following  pro¬ 
cedures  described  by  the  OS  SPA  (1975).  A  32-day  eabryo- 
larval  test  was  conducted  to  deternine  the  no  effect  concen¬ 
tration  of  toluene  on  fathead  ainnow  weight.  Babryo-larval 
test  procedures  followed  guidelines  outlined  by  HcKia 
(1977).  Toluene  concentrations  were  deterniaed  with  a 


Baird-Autonic  aodel  SF100  ratio  recording  spectrof  luoriaer 
ter. 

The  nini-diluter  systen  described  by  Benoit,  et  al., 
(1981)  Mas  used  to  rua  96-hour  LC  50  tests  oa  enbryos,  1-day 
old  protolarvae,  aad  30-day  old  fish.  Carboa  filtered  Fargo 
tap  water  (pH  8.3,  hardaess  80  PPH  eg.  CaC03)  was  used  as 
dilution  water.  Test  procedures  followed  those  recoaaended 
by  OS  EPA  (1975).  Toluene  coacentratioas  ia  the  exposure 
tanks  were  deter ained  using  Sep-Pak  C-18  and  a  Tarian  GC 
3700  (Puyear,  et  al.,  ia  press).  The  96-hour  LC  50  values 
and  their  com  .s.v-uce  liaits  were  calculated  usiag  as  inter¬ 
active  prograa  developed  by  Hanes,  et  al. ,  (1980). 
This  procii  <  /F  essentially  follows  the  probit  analysis  de¬ 
scribed  by  Finney  (1971),  except  it  does  not  reguire  partial 
kills.  t^lues  were  considered  significantly  different  when 
the  90S  confidence  liaits  about  the  LC  50's  did  not  overlap 
(Aaerican  Public  Health  Association,  1976). 

Results 

The  96-houc  LC  50  values  for  the  three  age  groups  of  fat¬ 
head  aianows  used  in  this  study  are  given  in  Table  4.  The 
range  of  96-hour  LC  50  values  for  eabryos  is  55-72  ag/1. 
Although  this  range  appears  large,  these  values  are  not  sig¬ 
nificantly  different  (alpha=0. 10) .  The  96-hour  LC  50  values 
for  1-day  posthatch  protolarvae  have  a  snaller  range  (25-36 
ng/1) ,  and  again  these  differences  ace  not  significant  (al¬ 
pha^.  10).  The  96-hour  LC  50  values  for  30-day  old  fathead 
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ainnow  obtained  froa  the  aini-dilutec  systea  ace  26,  30,  and 
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31  ag/1.  Hone  of  these  values  ace  significantly  different 
(alpha=0. 10) .  The  cesults  of  the  96-hour  LC  50  test,  with 
30-day  olds  perforaed  with  the  Defoe  dilutee  gave  a  value  of. 
18  ng/1,  which  is  significantly  diffecent  (alpha=0.10)  fcoa 
the  othec  thcee  values  foe  30-day  olds. 


TABLE  4 

96  HOOB  LC  50  VALDES  OF  TOLDEBE  OB  FATHEAD  fll KNOWS 


f — 

30-DAZ  OLDS 

LABVAE 

EBBHYOS 

J 

I 

TEST 

LC 

50 

LC 

50 

LC 

50 

1 

1 

1 

30 

(23-42J  ag/1 

36 

(29-44)  ag/1 

72 

(55-107) ag/1 

i 

2 

31 

(24-44) ag/1 

25 

(21-29) ag/1 

66 

(56-78)  ag/1 

1 

3 

26 

(26-33)  ag/1 

27 

(23-32)  ag/1 

59 

(51-68) ag/1 

J 

4 

18 

(16-20) ag/1 

28 

(2 1-34)  ag/1 

55 

(46-66) ag/1 

J 

J 

1 

_ i 

Replicate  96-houc  LC  50  values  of  toluene  foe  each  of  the 
thcee  age  gcoups  of  fathead  ainnows  and  their  90S  confidence 
Units. 


Thece  is  no  significant  diffecence  (alpha=0- 10)  between 
the  96-houc  LC  50  values  obtained  with  the  aini-diluter  foe 
the  pcotolacvae  and  the  30-day  old  fish.  Howevec,  values 
foe  both  the  pcotolacvae  and  the  30-day  old  fish  differ 
significantly  (alpha=0. 10)  fcoa  the  LC  50  values  foe  enbo- 
yos. 


Bean  fish  weight  foe  each  exposure  concentration  was  used 
as  an  index  of  larval  growth  in  the  eabcyo-larval  test. 


Based  on  aeaa  weight,  the  estiaated  HATC  of  toluene  on  30- 
day  old  fathead  ainnows  resulting  froa  this  test  was  found 
to  lie  between  0  and  4  ag/1. 

Discussion 

A  nuaber  of  96-hour  LC  50  values  for  toluene  of  freshwa¬ 
ter  teleosts  have  been  reported:  54  ag/1  for  the  Japanese 
aedaka,  Qryzias  l§tipes  (Stoss  and  Baines,  1979),  59  ag/1 
for  the  guppy,  £oeoj.lia  ceticulatus  (Pickering  and  Hender¬ 
son,  1966),  42  ag/1  for  the  fathead  ainnow  (Pickering  and 
Henderson,  1966) ,  23  ag/1  with  goldfish,  Cauassjus  anratos 
(Brenniaan,  et  al.,  1976),  and  13  ag/1  for  the  bluegill,  L%~ 
poais  aacochirus  (US  EPA,  1978).  The  LC  50  values  reported 
in  this  study  are  siailar  to  those  reported  by  other  re¬ 
searchers. 

It  is  interesting  to  note  that  toxicity  tests  perforned 
on  30-day  old  fish  in  this  study  following  very  siailar  pro¬ 
cedures  gave  significantly  different  results.  The  variation 
in  results  is  thought  to  be  due  to  differences  in  diluter 
systeas,  water  guality  and  differing  toluene  guantif ication 
procedures-  The  toxicity  test  that  gave  a  value  of  18  ag/1 
was  perforaed  with  a  Defoe  diluter  systea  in  the  US  EPA  lab¬ 
oratory,  Duluth,  Minnesota.  The  other  three  tests  (30,  31, 
26  ag/l)  were  done  with  the  aini-diluter  systea  at  north  Da¬ 
kota  State  University. 

Also  of  interest  is  the  significantly  greater  resistance 
of  eabryos  to  toluene's  toxic  effects  when  coapared  with 
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protolarvae  or  30-day  old  fish.  Greater  variation  in  the 
96-hour  tc  50  values  for  eabryos  nay  result  froe  stress  on 
the  recently  water-hardened  eebryos  at  the  onset  of  the 
test.  Eebryos  were  exposed  to  toluene  1-2  hours  following 
fertilization.  It  is  not  unusual  for  eebryos  to  be  note  re-* 
sistant  to  toxicant  stress  than  larval  or  adult  forns  (John¬ 
son  and  Julin. ,  1980).  This  resistance  nay  be  due  to  a  loud¬ 
er  aetabolic  rate  of  the  eebryos  coapared  with  newly  hatched 
protolarvae  or  30-day  old  fish.  It  nay  also  be  the  result 
of  toluene  being  sequestered  in  the  lipid-rich  yolk,  waking 
it  unavailable  for  eetabolise. 

Growth  of  fish  larvae  is  a  sensitive  indicator  of  toxic 
stress.  Differential  growth  rates  of  larvae  can  have  a 
narked  effect  on  an  organisn*s  ability  to  coapete  in  the 
ecosystea  (Beaoit-b  et  al. ,  1981).  The  32-  day  ewbryo- lar¬ 
val  test  gave  a  (lire  value  of  less  than  4  ag/1  based  oq  wean 
weight.  Studies  are  necessary  to  quantify  the  levels  of  to¬ 
luene  found  in  the  environaent  to  put  the  HATC  and  LC  SO 
values  calculated  in  this  and  other  studies  in  perspective. 
Further  work  is  also  necessary  to  characterize  sublethal  ef¬ 
fects  of  aroaatic  hydrocarbons  such  as  toluene  on  teleostean 
developaent. 
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IV.  Rater-soluble  components  of  oatboard  motor  exhausts  was 
determined. 
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While  the  water-soluble  coi^oaeats  of  JP-4  were  under  in¬ 
vestigation,  a  separate  coaparison  study  vas  conducted  to 
deteraine  the  water-  soluble  coaponents  of  outboard  motor 


exhausts.  This  study  utilized  eguipaent  purchased  by  the 
OSAF,  as  well  as  soae  of  the  expertise  developed  in  the  USAP 
studies.  A  aaauscript  reporting  the  results  of  this  coapar¬ 
ison  study  is  attached  to  this  report  as  Appendix  B.  It  has 
been  accepted  for  publication  in  the  4£Cg£YES  JLQM. 
im&OMHEMIAL  C3NIAHINAI£0H  AND  TOXICOLOGY.  The  contribu¬ 
tions  aade  by  the  USAP  have  been  acknowledged. 


V.  A  detailed  investigation  of  fathead  aiaaoa  development 
froe  fectilisatioa  through  49  hours  at  25  C  under  uoraa.1 
couditioas  and  after  toluene  exposure  vas  continued  frqa 
last  year.  The  results  of  this  investigation  are  snawcisgd 
belovs 


Histalaaisai  studies 

Egg  production  in  the  fathead  minnow  breeding  system  de¬ 
scribed  in  last  year's  report  is  at  a  maximal  during  the 
suaaer  months.  A  series  of  toxicity  tests  were  designed  and 
performed  during  the  suaaer  of  198?  to  take  advantage  of  the 
high  egg  production.  All  toxicity  tests  were  performed  at 
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23.5  */-0. 5  C  in  the  mini-diluter  system  described  in  last 


year's  report.  Embryos  Here  then  fixed  in  either  F1A  or 
Smith's  solution.  Embryos  mere  dechorionated,  Hashed,  deh¬ 
ydrated  and  embadded  in  periplast  for  serial  sectioning.  k 
minimum  of  ten  toluene  treated  and  ten  control  embryos  Here 
embedded  at  each  developmental  stage  tested  (Table  5).  One 
group  of  toluene  treated  and  control  embryos  Here  embedded 
in  epon  for  TEH  and  light  microscopic  examination. 


TABLE  5.  EXPOSUBE  C0ICEMTBAT10BS  OF  TOLUENE  AND  AGES  OF 

EBBBIOS  FIXED  IN  SMITH'S  SOLUTION  OB  FFA,  AT  ENDS 
OF  TOXICITX  TESTS. 

r  i 

1  SSITHIS  SOLUTION  i 

(Embryo  age 

j  (hours)  at  4  7  23  25  41  43  48  49  52  60  75  124, 

| test  end 

1  i 

(Toluene 

(cone.  60  60  45  45  45  100  45  45  100  50  40  4d| 

1  l*9/U 
1 

1  £AA 

(Embryo  age 

1  (hours)  at  15  30  45  60  143 

( test  end 
( 

(Toluene  Couc. 

(  (mg/1)  40  21  20  50  37,84 

I 


The  different  age  groups  of  embryos  (toluene  treated  and 
controls)  are  currently  being  sectioned  at  8um  and  stained 
nith  Harris  Hematoxylin  and  Nallories  Triple  Connective  Tis¬ 
sue  stains.  Methods  ace  being  developed  to  guantify  tor- 
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lueae's  effect  on  eabryoaic  developaeat  ia  the  fathead  aip- 
now. 


EifeEianie  EaieLiiiiftftt  Seausass 

Our  studies  have  shown  that  excessive  handling  or  expo¬ 
sure  to  bright  lights  result  in  increased  activity  of  the 
fathead  aianow  eebryos.  This  increased  activity  has  also 
been  noted  by  other  researchers  (NcKia,  1981).  Increased 
eabryoaic  activity  often  results  ia  a  preaature  hatch  apd 
gives  highly  variable  rates  of  eabryoaic  developaeat.  a 
systea  was  designed  to  observe  developing  eabryos  that  aini- 
aizes  the  effects  of  handling  and  bright  lights  (Figure  2). 
This  systea  consists  of  an  elevated  platfora  located  inside 
an  8  inch  by  7  inch  by  12  inch  glass  tank.  A  partially  sub- 
aerged  eabryo  chaaber  with  fine  aylon  aesh  bottoa  is  located 
on  the  elevated  platfora.  A  airror  is  located  under  the 
platfora  to  reflect  incident  light  into  the  eabryo  chaaber. 
The  glass  tank  containing  the  egg  chaaber  is  located  ia  a 
constant  teapecature  water  bath.  Aeration  is  provided  to 
both  the  glass  tank  and  surrounding  constant  teaperatuce 
bath. 

Eggs  are  reaoved  froa  breeding  tiles  as  described  in  pre¬ 
vious  reports,  and  placed  into  the  eabryo  chaabers.  This  is 
the  only  aechanical  disturbance  of  the  eabryos.  Binocular 
dissecting  aicroscopes  aounted  on  adjustable  aras  are  locat¬ 
ed  directly  over  the  eabryo  chaabers.  The  eabryos  are  ob¬ 


served  during  developaeat  using  incident  rooa  light  only. 
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Figure  2.  SYSTEH  USED  POB  DETEBHINING  DEVELOPS ENT AL 
SEQUENCE  OF  FATHEAD  HINNONS.  A)  CONSTANT 
TBHPEBATOBB  MATES  BATH,  B)  GLASS  TANK, 

C)  EH BRIO  CHAHBEB,  D)  ELEVATED  PLATFOBH, 
E)  HIBBOB,  P)  AIB  STONES,  G)  THEBHOHETEBL. 


Using  this  system,  hatching  occurs  in  100  hours  at  25  C  and 
in  17«  hours  at  20  C  following  fertilization. 

The  sequence  of  Mhcjoiic  davalopaaat  at  20  C  has  also 
been  determined  nith  this  systea  for  the  first  49  hoars  of 
developsest*  Beloa  is  n  description  of  this  segaesce: 


0.75 

hours. 

1-blastoeere. 

1.33 

hours. 

2-blastoneces. 

1.66 

hoars. 

4-blastoneres. 

2.0 

hour  8. 

8-blastoneras. 

2.33 

hours. 

16- bias tone res. 

25  - 


2.75  hours.  32-blastoaeres. 


3.25  hours.  64- blastoaeres.  Outer sost  blastoaeres  appear 
to  be  arranged  in  a  sore  orderly  fashion  than  those  in  the 
interior. 

3.75  hours.  Individual  blastoaeres  of  the  blastodern  can  no 
longer  be  counted  because  they  are  decreasing  in  size. 

5.25  hours.  Cleavage  continues.  Blastoaeres  are  becoaiqg 
seal let. 

6.75  hours.  High  blastula.  The  blastula  is  seen  as  an  ele¬ 
vated  cap  on  the  yolk  aass.  the  periblast  is  clearly  visi¬ 
ble  extending  down  fron  the  edge  of  the  blastula  covering  a 
snail  region  of  the  yolk  aass. 

7.25  hours.  Blastula  is  flattening  out  over  the  yolk  aass. 

7.75  hours.  Continued  flattening  of  the  blastula  over  the 
yolk  nass. 

8.75  hours.  The  individual  blastoaeres  appear  very  snail. 
Tolk  has  a  granular  appearance. 

10.25  hours.  Flat  blastula. 

11.00  hoars.  Start  of  apiboly.  The  blastodern  has  Bigrated 
1/3  of  the  way  down  the  yolk  aass.  in  extensive  periblast 
is  present. 
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11.75  hours.  Epiboly  continues.  Blastodern  covers  alaost 
1/2  of  the  yolk  aass.  The  gera  ring  is  visible  as  a  slight¬ 
ly  elevated  edge  of  the  advancing  blastodern. 

12.50  hours.  Epiboly  continues.  Blastodern  covers  1/2  of 
the  yolk  aass.  A  slight  thickening  has  occured  at  one  point 
on  the  geca  ring  in  the  region  of  the  eabryonic  shield. 

13.25  hours.  Epiboly  continues.  Blastodern  covers  1/2-5/8 
of  the  yolk  aass.  The  gera  ring  is  thickened  in  the  region 
of  the  eabryonic  shield,  and  is  aore  clearly  risible  as  the 
elevated  edge  of  the  advancing  blastodern. 

14.25  hours.  Epiboly  continues.  Blastodern  covers  5/8  of 
yolk  aass.  Gera  ring  has  becoae  a  vide  band. 

15.00  hours.  Epiboly  continues.  Blastodern  covers  3/4  of 
the  yolk  aass.  A  very  thin  layer  of  blastoneres  are  present 
in  front  of  the  advancing  geca  ring. 

16.25  hours.  Epiboly  continues.  Blastodern  covers  4/5  of 
the  yolk  aass.  Blastoneres  are  thinning  out  over  aost  of 
the  covered  yolk  aass,  except  in  the  gera  ring  and  eabryonic 
shield. 

17.25  hours.  Epiboly  continues.  Tolk  plug  is  protruding 
slightly. 

18.25  hoars.  Epiboly  continues.  Eabryonic  shield  has  be¬ 
coae  less  distinct.  Edges  of  the  gera  ring  surrounding  the 
yolk  plug  are  rough. 


Sfppt.! 


19.25  hoars.  Bpiboly  continues.  Gera  ring  has  apt  yet 
closed.  A  definite  caudal  cluster  of  cells  is  present  at 
the  posterior  end  of  tha  eabryoaic  axis.  A  slight  depres¬ 
sion  in  the  yolk  aass  is  seen  ventral  to  the  caudal  clustec. 

20.25  hours.  Bpiboly  continues.  The  gera  ring  has  alaost 
closed  over  the  yolk  plug.  Onset  of  aeurulation.  A  second 
cluster  of  cells  can  now  be  seen  at  the  anterior  end  of  the 
eabryow  The  anterior  and  caudal  clusters  are  connected  by  a 
low*  broad  ridge  of  cells  with  a  very  slight  aedial  depres¬ 
sion. 

21.00  hours.  The  last  stage  of  epiboly.  The  yolk  plug  is 
very  snail,  but  has  not  been  covered  by  the  gera  ring. 
Cells  covering  the  yolk  aass  appear  to  ba  aigrating  toward 
the  eabryoaic  axis.  The  anterior  cluster  of  cells  is  guite 
broad  laterally. 

21.5  hours.  Yolk  plug  is  coapletely  covered  by  the  gera 
ring.  The  optic  anlage  are  present  as  two  lateral  enlarge- 
aeats  at  the  anterior  end  of  the  eabryo.  Kupffer's  anlage 
is  present  as  a  depression  in  the  yolk  aass  just  ventral  to 
the  caudal  knob. 

22.25  hours.  Notochord  is  foraing.  Kupffer  vesicle  is 
foraiag. 

22.75  hours.  Further  definition  of  the  notochord  and  coq~ 
solidation  of  cells  into  the  eabryonic  axis. 
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23.25  hours 


Further  Migration  of  cells  toward  the 


eabryoaic  axis,  although  the  eabryo  is  still  quite  broad. 

24.25  hours.  The  optic  aulage  are  foraing.  Kupffer  vesicle 
is  still  present.  Notochord  lies  ia  a  slight  depression  ia 
the  yolk  aass  connecting  the  caudal  and  anterior  knobs. 

24.50  hours.  1-2-soaitss.  Soaites  are  not  clearly  separat¬ 
ed. 

25.00  hours.  3-soaites. 

26.00  hours.  5-soaites.  Optic  vesicle  priaordia  are  pres¬ 
ent  as  lateral  lobas  in  the  prosencephalon  region  of  the 
brain. 

26.5  hours.  6-7  soaites.  Soaites  extend  laterally  froa  the 
eabryonic  axis  into  the  broad  lateral  plate  aesodera.  The 
caudal  cluster  is  bacoaing  saaller.  The  prosencephalon, 
aesencephaloa  and  rhoabancephalon  are  faintly  visible. 

27.25  hours.  7-soaites.  The  notochord  is  quite  distinct. 
The  optic  vesicles  and  prosencephalon  fora  an  arrow  shaped 
aass  of  cells. 

29.25  hours.  10-soaites.  invagination  of  the  optic  vesi¬ 
cles.  This  invagination  appears  as  a  snail  slit  on  the  lat¬ 
eral  surface  of  the  optic  vesicles.  The  three  regions  of 
the  brain  are  aore  distinct.  Kupffer  vesicle  is  still  pres¬ 
ent  as  a  depression  in  the  yolk  aass  ventral  to  the  caudal 
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cluster.  The  pericardium  is  forsisg  as  a  fluid  filled  cavi¬ 
ty  anterior  and  ventral  to  the  prosencephalon. 


30.25  hoars.  10- 1 1- sonites.  The  notochord  and  somites  are 
more  clearly  defined.  The  pericardium  is  migrating  posteri¬ 
orly  and  lies  ventral  and  lateral  to  the  optic  vesicles. 

31.25  hours.  12-somites.  Optic  cups  are  forming  with  the 
further  invagination  of  the  optic  vesicles. 

13- 14-somites.  The  optic  cups  bulge  laterally  from  the  pro¬ 
sencephalon.  The  embryonic  axis  is  becoming  veil  elevated 
above  the  yolk.  mass.  The  pericardium  is  enlarging. 

35.25  hours.  16- 17-somites.  Further  development  of  the  op¬ 
tic  caps. 

36.25  hours.  Lems  placode  is  visible  as  a  thickening  on  the 
lateral  surface  of  the  eye  cups. 

36.75  hours.  Heuromeres  in  the  region  of  the  rhombencepha¬ 
lon  are  guite  distinct. 

37.25  hours.  Otic  placodes  are  forming  laterally  in  the 
posterior  rhonbencephaLon.  Kupffer  vesicle  has  become 
smaller.  The  pericardium  continues  to  migrate  posteriorly 
and  Laterally ,  and  is  located  under  the  prosencephalon  ai|d 
mesencephalon. 
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37.75  hours.  22-sosit.es.  Tail  bud  is  lifting  off  the  yolk 
■ass.  Otic  placodes  are  present  as  lateral  thickenings  of 
the  epiiernis  in  the  rhonbencephalon  region.  Olfactory  pla¬ 


codes  are  forning  anterior  to  '*v  e  eye  cups. 

38.25  hours.  Distinct  regions  have  foraed  within  the  aesen- 
cephalon.  The  tail  bud  has  separated  further  froa  the  yolk 
■ass. 

39.25  hours.  There  is  a  narked  reduction  in  the  yolk  aass. 

40.25  hours.  Elongation  of  the  tail  bud. 

42.75  hours.  26-soaites.  The  first  twitching  aoveaeats  of 
the  eabryo  are  seen  in  the  tail  bud  region.  The  optic  cap¬ 
sule  has  foraed.  Cells  of  the  notochord  are  large  and  dis¬ 
tinct.  A  vesicle  on  the  ventral  aspect  of  the  tail  bud  has 
foraed.  A  furrow  has  foraed  that  splits  the  three  regions 
of  the  brain  along  the  aedial  axis.  A  transverse  furrow 
separates  the  prosencephalon  froa  the  aesencephalon. 

44.25  hours.  Heart  is  not  yet  visible. 

48.75  hours.  30-soaites.  Soaites  extend  well  into  the  tail 
bud.  Eabryos  are  guite  active,  exhibiting  swiaaing  aove- 
■ents  within  the  chorion.  The  heart  is  visible;  ventral- 
posterior  to  the  eye  cups.  The  heart  beat  is  weak  and  ir¬ 
regular.  Ho  vessels  or  blood  are  visible;  only  a  few  cells 
are  seen  aoving  within  the  heart.  The  lens  has  foraed. 
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VI.  Bat*  of  aetabolisa  of  tolas**  by  12,000  x  g  *>t|n  sr 
pernatant  was  d*t*raia*d  usiag  the  following  p«ruaUr>: 

Am  Bat  liver  has  been  used  because  of  it*s  availability, 
and  because  an  extensive  literature  exists  dealing  with 
xeaobiotic  aetabolisa  by  this  preparation.  In  the  near 
future,  fathead  aianow  liver  will  be  used. 

B.  Preliminary  studies  on  the  binding  of  toluene  to  this 
aicrosoaal  preparation  has  been  perforaed.  A  aore  com¬ 
plete  study  about  binding  will  be  Bade  with  C14  toluene 
after  the  liguid  scintillation  counter  arrives. 

Preliainary  results  of  toluene  aetabolisa  by  liver  aicroso- 
aal  enzyaes  follows: 

Introduction 

The  aetabolic  activity  of  hepatic  aicrosoaal  enzyaes  was 
studied  using  the  following  substrates:  aaiaopyrine,  and 

toluene.  A  protein  assay  was  used  to  better  correlate  e*- 
zyae  activity.  Bats  were  used  in  the  initial  tests  for 
three  reasons:  (i)  extensive  research  involving  hepatic 

aixed-f unction  oxidases  (HFO)  has  already  been  done  usiitg 
laboratory  rats,  (ii)  rat  livers  are  large  and  have  no  gall 
bladder  (coataninatioa  of  liver  aicrosoaes  by  bile  apparent¬ 
ly  deactivates  BFO  systeas) ,  and  (iii)  rats  are  relatively 
easy  to  aaintain.  The  coabiaation  of  these  eleaents  Bake 
the  rat  ideal  for  use  in  developing  techniques  required  for 
aetabolic  studies. 


Procedures  developed  using  the  rat  were  then  applied  to 


the  fathead  ainaow  {£i.aaekaleg  uroaelasl.  Preliainary  re¬ 
sults  were  sketchy  but  indicated  a  aodicua  of  HPO  activity. 
The  fathead  was  chosen  to  coapliaent  developmental  studies 
described  elsewhere  in  the  report. 

A.  Preparation  of  Hepatic  3i cg.as2I.es 

Twenty-four  hoar  food-deprived  test  organises  were  guil¬ 
lotined  or  otherwise  beheaded  and  exsanguinated.  (In  the 
case  of  P.  proaelas  care  aust  be  taken  not  to  rupture  the 
gall  bladder  and  thereby  contaninate  the  abdoainal  cavity 
with  bile.) 

laaeiiately  upon  sacrifice  the  organises  were  opened,  and 
the  livers  reaoved  to  a  beaker  of  0. 154H  KCl/0. IN  phosphate 
buffer,  pH  7.4,  chilled  in  an  ice  bath.  Livers  were  care¬ 
fully  rinsed,  dried  of  excess  fluids,  and  weighed.  k  1:10 
hoaogenate  ( liver :fCCl/P3  4  buffer)  was  aade  using  a  Tekaar 
SOT  hoiogenizer  or  a  teflon  and  glass  Potter-Elveh jea  hoaog- 
enizer.  Livers  were  aaintained  in  an  ice-bath  throughout  to 
reduce  ienaturatioa  of  enzyaatic  proteins,  especially  during 
hoaogenization. 

Hoaogenates  were  centrifuged  at  0-4C  and  12,000  x  g  for 
twenty  ainutes  to  reaov8  whole  cells,  nuclei,  aitochondria, 
and  other  cell  fragaents.  Supernatants  were  saved  on  ice  if 
they  were  to  be  used  that  day,  or  were  iaaediately  frozen  if 
they  were  to  be  used  the  following  day.  Pellets  were  dis¬ 
carded. 


B-  iailifit  Hydroxylase  Assay  Proced uce 

Each  reaction  aixture  contained  I.Oal  of  12,000  x  g  su¬ 
pernatant,  1.5al  of  cofactor  (0.372ag  MADP,  2.60ag  glu¬ 
cose-  6-  phosphate,  2.40ag  HgC12  in  KC1/P04  buffer),  and  0.  5nl 
of  aniline  stock  solution  (0.l4al  aniline  ♦  9.86al  phosphate 
buffer,  pH  7.4).  This  resulted  in  a  reaction  aixture  with  a 
total  voluae  of  3. Oal  with  the  following  concentrations  of 
reagents;  33. 3ag  liver  (vet  weight) /al,  0. 167aH  N AOP, 
3-33nfl  3-6-P,  25. 2nd  BgC12,  and  25.6aB  aniline. 

After  the  prescribed  incubation  tiae,  at  37C  for  rat  iiw- 
er  aicrosoaes  or  30C  for  fish  liver  aicrosoaes,  in  a  Oubaoff 
water  bath,  120  oscillations  per  ainute,  reactions  were 
killed  with  I.Oal  20X  (w/v)  trichloroacetic  acid  (TCA). 
Saaples  were  then  centrifuged  for  five  to  ten  ainutes  using 
a  table-top  centrifuge  to  settle  the  TCA-protein  precipi¬ 
tate. 

The  precipitate  was  saved  for  protein  concentration  de- 
teraination  while  I.Oal  of  the  supernatant  was  added  to 
I.Oal  IX  (v/v)  phenol  and  I.Oal  1.0H  Ma2CQ3,  and  was  incu¬ 
bated  at  rooa  tenperature  for  20-  25  ainutes.  Absorbances 
were  read  at  630na  ou  a  Perkin-Elaer  (Coleaan  124)  double 
bean  spectrophotoaeter  and  coapared  to  a  standard  curve  Bade 
froa  para-aainophenol  (PAP),  0.05nM  to  O.OOIaH. 

£-  &ea£&LU§e  ISSU  Btasei!it§ 

0. 5a 1  of  aainopyrine  stock  solution  (7. Ong/nl  buffer)  was 
added  to  the  reaction  aixture  instead  of  0.5al  of  aniline. 


as  did  the 


the  reaction  mixture  volume  remained  the  same, 
concentrations  of  the  various  reactants.  The  aminopyrine 
concentration  was  5. 10mM. 

Reactions  Mere  stopped  at  the  appropriate  times  with 
1.0ml  10X  (w/v)  TCA  and  centrifuged  as  above.  1.5ml  of  the 
supernatant  was  combined  vith  1.5ml  hash's  reagent  B  (15- Og 
ammonium  acetate,  0.3ml  acetic  acid,  0.2ml  acetylacetone, 
and  glass-distilled  water  to  a  final  volume  of  100ml).  In¬ 
cubations  were  at  6 0C  for  3  minutes  in  a  Dubnoff  water  bath, 
120  oscillations  per  minute.  After  cooling  to  room  tempera¬ 
ture,  absorbances  were  read  at  412nm  and  compared  to  a  stan¬ 
dard  curve  made  from  formaldehyde,  0. 00 IX  to  0.000 125X. 

D-  Hgaispace  §ampU&l  °£  the  Vo  Utile  4t°*ati£.  fly.dro£4tbaa 

ISiueae 

Reaction  mixtures  had  a  total  volume  of  3.1ml,  consisting 
of  0.1ml  aliguotes  of  toluene  stocks  in  water  (50-200  PPM), 
2.0ml  cofactor  (0.372mg  h'AOP,  2.60mg  G-6-P,  2.40mg  Hgcl2  in 

2.0ml  O.lfi  phosphate  buffer),  and  1.0ml  12,000  x  g  superna¬ 
tant  equivalent  to  lOOmg  liver,  wet  weight.  Reaction  mix¬ 
ture  concentrations  were  as  follows;  32.3mg  liver/ml, 
0.  162  mu  HA  DP,  3.22mtJ  3-6-P,  24.  4mH  HgCl2,  and  toluene  at 

0. 01 52mH,  0. 0228mH,  0.0303mH,  0.0455ma,  or  0.0606mH. 

Bach  reaction  mixture  was  incubated  at  37C,  in  the  Dub¬ 
noff  water  bath,  in  a  glass  scintillation  vial  (20ml)  closed 
with  a  customized  cap  fitted  with  a  20mm  teflon-lined  rubber 
septum.  This  assured  an  airtight  fit  yet  allowed  sampling 
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of  the  gaseous  phase  with  a  gas-tight  syringe,  or  a  needle 
attached  to  a  Valeo  six-port  valve.  At  the  end  of  the  incur 
bation  period,  the  saaple  was  cooled  to  the  ambient  tempera¬ 
ture  by  immersion  in  water,  and  iaaediately  saapled  with  a 
Varian  3700  gas  chroaatograph  (hydrogen  flaae  ionization  der 
tector)  fitted  with  a  six-foot  glass  column,  0.20am  internal 
diameter,  packed  with  10%  1,2, 3-tris (2-cyanoethoxy) propane 
on  100/120  mesh  Chroaasocb  PAM  from  Supelco,  Inc. 

After  headspace  sampling,  the  protein  in  each  mixture  was 
precipitated  with  1.0ml  10%  (w/v)  TCA,  centrifuged,  and 
saved  for  protein  concentration  determination  as  in  the  oth¬ 
er  assays. 

E-  £ L2te in  Coajeutration  B.ete£iift^tion  Usiag  £ouia§§jje 

fiiae  Gz&lQ. 

The  protein  precipitate  from  each  saaple  of  each  assay 
was  cedissolved  in  10.0ml  0. in  KOH,  a  process  usually  re- 
guiring  up  to  twenty-four  hours.  After  vigorous  vortexing 
to  assure  a  homogeneous  solution,  an  aliquot  of  this  solu¬ 
tion  was  withdrawn  and  diluted  with  an  equal  volume  of  0- in 
KOB.  Then,  0.1ml  of  this  dilution  was  added  to  5.0ml  of 
Coumassie  stock  (lOOag  Coumassie  Blue  G-fora,  50ml  95%  etha¬ 
nol,  100ml  85%  (w/v)  phosphoric  acid,  and  distilled  water  to 
a  final  volume  of  one  liter.  After  24  hours,  filter  with  a 
Whatman  #1  filter)  and  vortexed.  Headings  were  made  at 
595na  after  5-20  minute  incubations  at  room  temperature. 
Absorbances  were  compared  to  a  standard  curve  made  from  bo¬ 
vine  serum  albumin  (BSA)  ,  1Q-75ug  pec  3.1al. 
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Results 

In  early  tests,  cat  livers  were  homogenized  using  both 
the  reknar,  and  the  teflon  and  glass  Potter-Elvh jem  homogei)- 
izecs.  It  was  determined  that  no  significant  differences  in 
enzyne  activity  mere  detectable  between  the  two  methods.  In 
subsequent  experiments,  the  Tekmar  was  used  exclusively. 
Trials  were  also  cun  comparing  frozen  hepatic  microsomal  en¬ 
zyme  activity  to  fresh  microsomal  enzyme  activity:  comparing 
the  effectiveness  of  the  cofactor  as  an  NADP-reducing  ageqt 
when  it  was  prepared  daily  as  opposed  to  when  it  had  bees 
frozen.  In  neither  case  did  the  freezing  of  reaction  mix¬ 
ture  components  appear  to  diminish  significantly  the  enzyne 
activity,  as  long  as  the  storage  period  did  mot  exceed  twen¬ 
ty-four  hours. 

Aainopyrine  demethylase  activity  was  readily  measurable 
in  all  of  the  rats  tested.  It  was  somewhat  less  pronounced 
in  Pipephales  prone las,  possibly  due  to  contamination  of  the 
samples  with  bile.  Aniline  hydroxylase  (AH)  activity  was 
less  neasurable  in  the  rat  liver  nicrosomes,  and  was  not  de¬ 
tectable  under  present  assay  conditions  in  the  fathead.  In¬ 
duction  of  hepatic  mixed-function  oxidases  in  rats  via  the 
adainistration  of  phenobarbital,  measurably  increased  AH  ac¬ 
tivity  in  the  rats.  No  induction  of  £.  prone  las  was  at¬ 
tempted. 

During  preliminary  headspace  sampling  of  enzymatic  activ¬ 
ity,  it  was  found  to  be  quite  difficult  to  achieve  accepta- 
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bie  reproducibility  using  gas-tight  syringes  for  injecting 
the  sanples  into  the  gas  chroaatograph.  Accuracy  iaproved 
greatly  when  a  Valeo  six-port  valve  Mas  enployed  in  sanpliqg 
the  gaseous  phase  of  the  reaction  aixture. 

To  determine  if  significant  binding  of  toluene  with  pro¬ 
tein  in  the  reaction  aixture  vas  occurring  without  actual 
aetabolisa  taking  place,  three  nethods  of  running  controls 
were  coapared.  3ne  of  these  involved  sanples  containing 
only  toluene  and  water.  The  second  nethod  involved  a  coa- 
plete  reaction  nixture  with  protein  that  had  been  heat  dena¬ 
tured  at  60C  for  twenty  ainutes.  The  third  systea  replaced 
the  cofactor  with  phosphate  buffer.  Mo  significant  differ¬ 
ences  in  toluene  concentrations  were  found  (Table  6).  The 
third  nethod  was  ultiaately  chosen  for  later  experinents  in 
order  to  standardize  the  procedure. 
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TABLE  6 


COMPARISON  OP  TOLUEN E-PEAK  A«»EAS  RESULTING  FROM  THE  SAMPLING 
OP  THE  GASEOUS  PHASES  OP  VARIOUS  STANDARD  MIXTURES  IN  ORDER 
TO  DETERMINE  IP  PROTEIN- BINDING  OP  THE  SUBSTRATE  OCCURS. (1) 


i - 


Standard 

Mixtures 

I 

II 

III 


(3) 


Peak  Area  at  3  Concentrations  of  Toluene  (2) 


A 

2170(26) 

2477(46) 

2025(139) 


B 

1276(114) 
860  (136) 
1127(67) 


C 

360(129) 
551  (42) 
508  (30) 


(1)  Peak  areas  reported  as  the  aean  of  two  saaples  with  the 
standard  deviation  in  parentheses. 

(2)  Initial  concentrations  of  Toluene:  1=60.6  uM;  B=30. 3  uH; 
C=1 5. 2  uN. 

(3)  Methods  of  preparing  standard  nixtures: 

I.  0.10  nl  Toluene  stock  (TS)  ♦  3.0  nl  water 

II.  0.10  nl  TS  i  2.0  nl  cofactor  *•  1.0  nl  heat  denatured 
12,000  x  g  supernatant 

III.  0.10  nl  TS  ♦  2.0  nl  KC1/P04  buffer  ♦  1.0  nl  12,000  x 
supernatant 
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Initial  headspace  saapling  of  toluene  disappearance  was 
done  using  a  0. 0303nH  toluene  reaction  nedia.  Various  incu¬ 
bation  tines  were  exaained.  Disappearance  of  toluene  in  the 
headspace  was  nost  rapid  and  linear  between  10  and  20  nia- 
utes  at  37C,  with  little  or  no  netabolisa  noted  thereafter. 

In  a  coaparison  of  aetabolic  activities  of  rat  liver  ai~ 
crosones  using  different  concentrations  of  toluene (i.e. 
0.0606aH#  0.0303aM,  and  0.0152nM)  the  rate  of  netabolisa 
dropped  fron  0.0245  naoles/ag  liver  (wet  weight) /ainute  at 
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the  highest  concentration  tested  to  0.0163  naoles/ag  liver 
(wet  weight) /ainute  at  0. 0152nd  concentrations. 

ffhen  a  rat  was  induced  with  phenobarbital  at  a  rate  of 
lOOag/kg  body  weight  per  day  for  three  days,  the  highest 
rate  of  aetabolisa,  again  at  the  0. 0606afl  concentration,  was 
0.0328  naoles/ag  liver  (wet  weight)/  atiaute.  This  repre¬ 
sented  a  33. 936  increase  in  the  rate  of  disappearance  of  to¬ 
luene  Croa  the  reaction  aediua.  The  lowest  rate  of  disap¬ 
pearance  occurred  at  the  lowest  concentration  tested  (Table 
7).  Headspace  saapling  has  not  yet  been  atteapted  ia  the 
fathead  ainnow. 


TABLE  7 


COMPARISON  OF  BATES  OF  LIYBB  MICROS OB AL  EilZIHE  METABOLISM  OF 
TOLUENE  (T)  IN  CONTROL  AND  PBBNOBABBITAL  (PB)  INDUCED  FEMALE 

BATS.  (1) 


Initial 

Control 

PB- Induced 

- 1 

T  con  (2) 

A 

0.0245 

0.  0,328 

%  Change  J 

34  | 

B 

0.0226 

0.0290 

28  1 

C 

0.0164 

0. 0195 

19  | 

(1)  Values  given  ia  aaoles  of  toluene  aetabolized/ng  liver 
(wet  weight)  /ainute  of  incubation  tine.  n=3 

(2)  Initial  toluene  (T)  concentrations  :  A-60.6  uH;  B=30. 3  uH 

C=  15.2uM. 


VIZ.  Pceliaiaarr  lasalts  froa  fork  Stacked  Using  Scanning 
Electron  Microscopy  (SEE)  of  Control  and  toluene  Exposed 
Patkead  Ulanovs. 


Studies  investigating  the  effects  of  toluene  upon  fathead 
ninnov  gross  aorphology  have  been  initiated.  Pilot  studies 
have  focused  upon  gill  structure.  Adult  ainnovs  vere  ex¬ 
posed  in  a  closed  systen  for  18  hours  to  30  PPM  toluene. 
Control  ainnovs  vere  placed  in  a  sinilar  systen,  except  that 
tolaeae  vas  not  added  to  the  water,  for  the  sane  length  of 
tine.  It  the  end  of  the  13  hour  exposure  period,  individual 
ainnovs  were  placed  in  a  Petri  dish  and  decapitated.  Sills 
vere  ianediately  flooded  with  cold  51  ylu tar aldehyde.  Fol¬ 
lowing  their  dissection,  they  were  placed  in  fresh  5ft  glu- 
taraldekyde  and  kept  at  4  C  for  two  hpurs.  Following  fix¬ 
ation  they  vere  carried  through  three  15  ainute  rinses  in 
Millonig*s  phosphate  buffer  (pH  7.4)  and  then  dehydrated  in 
a  graded  series  of  ethanol.  This  was  followed  at  once  by 
critical  point  drying  with  liquid  C02  and  a  Sandri  pvt-3 
critical  point  drying  apparatus.  Each  gill  was  aounted  on  a 
specinen  stub  with  silver  paint,  and  coated  with  a  thin  lay¬ 
er  of  gold  in  a  Huaaer  11  sputter  coater.  Speciaens  were 
exaained  in  a  JBOL  JSM-35  scanning  electron  aicroscope. 
Figure  3  illustrates  the  typical  aorphology  of  the  gill  as 
seen  in  the  control  group.  Perpendicular  to  the  gill  arch 
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(A)  there  projects  a  double  row  of  gill  filaaents  (F).  Only 
one  arch  is  seen  in  this  figure.  Each  filaaent  bears  two 
rows  of  flap~like  secondary  laaellae  (L).  These  are  seen  in 
higher  aagnif ication  in  Figure  4.  There  is  an  asyaaetry  to 
each  filaaent,  in  that  the  respiratory  side  and  the  bucco¬ 
pharyngeal  side  are  contoured  differently.  The  surface  of 
both  the  filaaent  and  the  laaellae  are  relatively  saooth 
(Pigures  4  and  5).  This  is  in  contrast  to  a  previous  report 
(Hinton  and  Walker,  1980)  in  which  filanents  were  said  to  be 
covered  with  a  layer  of  nicroridges,  but  laaellae  had  saooth 
surfaces. 

Figure  6  is  a  higher  aagnification  of  secondary  laaellae 
surfaces  taken  froa  a  ainnow  which  had  been  treated  with  to¬ 
luene.  Although  the  surface  reaains  relatively  saooth, 
there  does  appear  to  be  soae  folding  of  the  aeabraae.  Gill 
filaaents  and  their  secondary  laaellae  after  exposure  to  to¬ 
luene  are  also  showa  in  Figure  7.  The  regularity  of  the 
flap- like  laaellae,  as  well  as  the  saoothly  contoured  fila¬ 
aents,  appear  to  ba  significantly  less  in  this  ainnow  than 
in  control  aiaaows.  Again,  this  observation  is  consistent 
with  what  has  previously  been  reported  for  ainaows  exposed 
to  high  concentrations  of  aanganaese  sulfate  or  ferris  oxide 
(Hinton  and  Walker,  1980). 

Additional  work  will  be  done  in  an  atteapt  to  confica 
these  observations  and  obtain  guantifiable  data.  Attention 
will  be  focused  on  the  differences,  if  any,  seen  between  the 


respiratory  aad  the  bucco-phar yngeal  sides  of  the  gills. 
SBB  studies  will  be  suppliaented  with  TEH  and  light  aicros- 
copy. 
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Till. . Future  Besearch  Plans 

A.  Finish  research  on  the  inter-relationship  between 
solubility  of  JP-4  alkylbenzenes  at  four  different  sa¬ 
linities  and  five  tenpe ratures. 

B.  Complete  and  subait  for  publication  data  relating  to 
LC  50  aad  M&TC  for  toluene  in  fathead  uinnow  eubryos, 
1-day  posthatch  larvae,  and  30-day  old  fish. 

C.  Complete  the  study  on  early  enbryonic  development  of 
fathead  uinnows  at  20  and  25  C.  This  study  can  be  used 
to  deteruine  the  affect  of  toluene  on  early  develop- 
uent. 

D.  Light  uicroscopic  studies  of  tissue  sections  of 
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fathead  winnows  in  control  and  toluene  exposed  eabryos 
will  continue. 


E.  Headspace  analysis,  using  SC,  will  be  used  to  study 
the  netabolisn  of  toluene  and  other  alkylbenzenes  by 
rat  and  fathead  ninnow  liver  nicrosoaes  will  continue. 

P.  Perfect  a  procedure  for  using  HPLC  for  neasuring 

benzene  and  toluene  netabolisn  by  rat  and  fathead  nin- 
now  liver  nicrosoaes.  C14  labeled  benzene  and  toluene 
will  be  used  in  these  studies.  The  peaks  separated  on 
the  HPLC  colunn  will  be  collected  and  counted  in  a  liq¬ 
uid  scintillation  counter. 

S.  Scanning  electron  aicroscopy  will  be  used  for 

studying  gross  norphological  characteristics  in  control 
and  toluene  exposed  fathead  ninnow  larvae  and  adults. 


IX.  Lis t  of  Professional  Personnel 
J. 0.  Braaaer 

B.  L.  Puyear 

C.  Hedich 
E.B.  Devlin 
P. D.  Carter 
G.  Linz 

1.  Pathiratne 
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I.  Istacactioa  iri tfa  otkec  Igncias 


Richard  Siefect  aai  J. 8.  BcKii.  OS  BPA,  Daluth,  BN 


It.  In  Discoveries,  Iirtatiois,  or  Patent  OiaclosuM,  aid 
Specific  Applications  Steeaiag  f coa  tke  Research  Effort 
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Use  of  ££V§£se  phase  C- 1 8  ainj-co  j.uans 
fot  soassfittatina.  sat&£=§al.iUiis  kx4t°ciiE.boa§. 

B.  L.  Puyear,  K.  J.  Pleckenstein, 

W.  E.  Monti,  Jr-  and  J.  D.  Braaaer 
la  lost  cases  water-soluble  hydrocarbons  are  present  in 
such  low  concentrations  they  cannot  be  detected  without 
first  being  concentrated.  A  variety  of  aethods  have  been 
developed  to  do  this,  but  nost  are  liaited  in  that  they  re¬ 
quire  a  fairly  expensive  set-up,  are  technically  difficult 
and  tiae-consuaing  to  run,  or  are  inefficient.  ks  an  exaa- 
ple,  solvent  extraction  (ASZtl:  02778-70,  1979)  has  often  been 
used  to  deteraine  trace  aaouats  of  hydrocarbons,  but  in  this 
procedure  aany  of  the  volatile  coaponents  are  lost  during 
extraction.  Consequently,  purge  and  trap  aethods  are  fre¬ 
quently  used  for  volatile  organics  (GBOB  &  ZUBCHEB  1976),. 
Hacroreticular  resins  such  as  XAD-2  or  XAD-4  and  pellicular 
reverse  phase  liquid  chroaatography  supports  have  also  been 
used  ia  the  analysis  of  water-soluble  hydrocarbons  (JUNK,  et 
al.,  1979,  CHANG  &  PBITZ  1978,  TATBOA  &  FBITZ  1978,  OGAN,  et 
al. ,  1978,  SANSB,  et  al. ,  1979),  but  these  aethods  are  ei¬ 

ther  technically  difficult  or  liaited  as  to  their  general 
use  for  different  hydrocarbons.  Soae  of  these  aethods  for 
trace  enrichaent  were  recently  reviewed  by  DBESSLEB  (1979). 

This  study  was  initiated  to  find  a  rapid,  siaple,  yet  ef¬ 
ficient  aethod  of  concentrating  petroleua-derived  water-so¬ 
luble  hydrocarbons.  The  aliphatics  and  alkylbeazenes  se- 
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lected  for  study  ace  those  which  ace  the  major  water-soluble 
components  of  the  jet  fuel,  JP-4. 


flateriaLs  and  flgtfcg4§ 

The  hydrocarbon  standards  used  were  analytical  grade 
(Alltech  Assoc.).  Solvents  were  spectral  grade  (Burdick  aad 
Jackson).  The  JP-4  jet  fuel  was  obtained  fron  the  North  Da¬ 
kota  Air  National  Guard,  Fargo,  N.D.  Each  aiui-coluna 
(Sep-Pak  C-18,  Haters  6  Assoc.)  was  a  polyethylene  cartridge 
filled  with  a  silica  pellicular  support  having  octadecylsi- 
lane  chenically  bonded  to  the  surface.  These  cartridges 
were  designed  to  fit  onto  the  end  of  a  sycinge. 

Every  Sep-Pak  used  for  concentration  of  standards  or  JP-.4 
fron  water  was  attached  to  a  syringe  and  conditioned  with  2 
al  ethyl  acetate  followed  by  7  al  glass-distilled  vatec. 
The  saaple  was  applied  to  the  coluna  with  a  syringe  at  a 
cate  of  about  20  al/ain.  Two  nl  of  ethyl  acetate  was  used 
to  elute  the  saaple  fron  the  Sep-Pak.  These  particular  vol- 
uaes  were  empirically  chosen  as  optiaal  for  guaatifiable  re¬ 
covery.  Elution  of  the  Sep-Pak  with  aethanol  or  acetoni¬ 
trile  resulted  in  a  large  GC  solvent  peak  which  Basked  aany 
of  the  conpounds  of  interest.  Recovery  of  the  ethyl  acetate 
was  enhanced  by  passing  .5  al  of  water  and  2  al  air  th.rough 
the  Sep-Pak.  The  eluate  was  then  frozen  to  separate  the 
solvent  and  agueous  phases.  The  unfrozen  solvent  layer  con¬ 
taining  the  ethyl  acetate  and  the  water-soluble  hydrocarbons 
was  then  decanted  and  the  voluae  measured. 


H y dr oca r bon- free  water  mas  prepaced  by  passing  tap  water 


through  a  conditioned  Sep-Pat.  The  efficiencies  of  the 
Sep-Pak  in  concentrating  the  selected  hydrocarbons  were  de- 
terained  by  injecting  a  controlled  aaount  of  aired  standards 
(Table  I)  into  20  al  of  hydrocarbon-free  water  in  a  glass 
syriage.  This  saaple  aixture  was  forced  through  a  condi¬ 
tioned  Sep-Pak.  Two  successive  rinses  of  20  al  hydrocarbon- 
free  water  were  each  forced  through  the  Sep-Pak.  Efficien¬ 
cies  were  estiaated  fron  a  graph  of  volune  of  hydrocarbon 
recovered  as  a  function  of  voluae  of  each  hydrocarbon  forced 
through  the  Sep-Pak.  The  slope  of  the  line  is  reported  as 
the  percent  efficiency.  The  saae  procedure  was  used  to  de- 
teraiae  Sep-Pak  efficiency  for  the  recovery  of  hydrocarbons 
in  JP-4  (Table  1). 

To  test  the  ability  of  this  nethod  to  concentrate  dilute 
sanples  of  petroleua-ieri ved  water-soluble  hydrocarbons  froa 
water,  10  ul  of  JP-4  was  aired  slowly  in  500  al  of  tap  water 
for  2  hours  at  rooa  tenperature.  The  airture  was  then  al¬ 
lowed  to  stand  for  2  hours  in  a  separatory  funnel.  450  al 
of  the  agueous  phase  was  then  drawn  off  and  put  through  a 
conditioned  Sep-Pak  with  a  glass  syringe.  The  hydrocarbons 
retained  on  the  Sep-Pak  were  eluted  as  described  above. 

Hydrocarbons  were  detected  using  a  Beck nan  sc  45  gas 
chroaatograph  with  a  flane  ionization  detector.  A  stainless 
steel  chroaatographic  coluan  (2  an  i. d.  by  2.4  a)  was  packed 
with  10ft  1,2,3-tris  (2-cyanoethoxy)  propane  (TCEP)  on 
100/200  aesh  Chroaosorb  PAH  (Supelco,  Inc.). 
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Table  1.  Percent  recovery  of  single  and  mixed  hydrocarbon  standards 
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tuntentrauon  or  nyarocarDon  placed  in  a  glass  syringe  containing  20  ml  of  water  and 

nnSCen£5ated  wiCh  a  SeP'Pak  ranged  from:  a)  1-150  PPM,  b)  10-500  PPM,  and  c)  50-1500 
These  concentration  ranges  were  selected  so  that  they  nearly  equalled  that  found 
in  J P-4  m  b)  or  in  c)  so  that  quantitative  amounts  of  JP-4  could  be  delivered 


The  water-soluble  hydrocarbons  froa  JP-4  were  identified 
by  coaparison  with  retention  tines  of  standard  aixtures  and 
by  peak  enhaaceaeat  net hods.  Concentrations  were  calculated 
froa  peak  areas  using  the  external  standard  aethod  with  a 
Spectra  Physics  SP-4000  data  systea.  A  aixture  of  standards 
(Table  1)  was  used  for  calibration  and  to  deteraiae  the  re¬ 
sponse  factors  for  each  hydrocarbon  used.  Individual  re¬ 
sponse  factors  were  used  to  convert  respective  peak  areas  to 
concentrations  in  PPM  by  volune  (ul/1).  For  each  hydrocar¬ 
bon  tested  a  range  of  concentrations  was  used  to  obtain  a 
line  so  that  the  slope  could  be  calculated  over  a  range  pf 
1-500  PPM,  which  gave  linear  recovery.  This  slope  aulti- 
plied  by  100  yielded  percent  recovery. 

ItSSiU 

The  reproducibility  between  individual  Sep-Paks  of  tb/s 
sane  lot  nuaber  averaged  »5X.  All  values  tabulated  are  the 
average  results  of  duplicate  runs.  Reproducibility  of  in¬ 
jections  and  guantitation  was  *2- 6X-  The  efficiency  of  re¬ 
covery  depended  upon  the  total  anount  of  hydrocarbon  forced 
onto  the  Sep-Pak  and  not  upon  concentration.  The  two  dif¬ 
ferent  lots  of  Sep-Paks  used  in  this  study  gave  average  re¬ 
covery  efficiencies  of  hydrocarbon  standards  of  78X  and  63JL 

Tests  were  perforned  to  deteraiae  the  fate  of  the  hydro¬ 
carbons  not  recovered  froa  the  Sep-Pak.  This  was  done  by 
placing  six  Sep-Paks  in  a  series  with  a  one  inch  glass  tub¬ 
ing  connector  between  each  pair  of  Sep-Paks.  A  aixture  pf 
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JP-4  in  Hater  was  then  forced  through  the  series  aad  each 
one  Has  eluted  as  described  previously,  nith  ethyl  acetate. 
Ill  of  the  alkylbenzeaes  recovered  were  ia  the  first  tno 


Sep-Paks.  Aliphatics,  however,  were  recovered  ia  seall 
anounts  even  in  the  last  Sep- Pat  in  the  series.  Hhea  the 
saae  Sep-Paks  were  then  eluted  with  hexane,  the  only  coapq- 
nent  which  cane  off  any  of  then  was  toluene. 

Data  obtained  regarding  the  capability  of  a  Sep-Pak  to 
concentrate  hydrocarbons  fron  water  is  presented  in  Table  I. 
when  hydrocarbons  were  analyzed  singly,  Sep-Pak  recovery  ef¬ 
ficiency  was  greater  than  when  aore  conplex  standard  hydro¬ 
carbon  or  JP-4  aixtures  were  analyzed.  The  use  of  ethyl 
acetate  as  a  solvent  for  the  addition  of  the  single  stap- 
dards,  standard  hydrocarbon  aixture  or  JP-4  iaproved  the 
ability  of  the  Sep-Pak  to  concentrate  hydrocarbons  froa  wa¬ 
ter. 

Concentrations  of  JP-4  in  ethyl  acetate  were  chosen  so 
that  no  aore  than  300  ul  of  ethyl  acetate  was  put  into  the 
water  to  be  forced  onto  the  Sep-Pak.  Mith  larger  voluaes  of 
ethyl  acetate  lower  recovery  efficiencies  were  noted.  This 
aay  be  because  the  greater  aaount  of  ethyl  acetate  fores  a 
layer  on  top  of  the  water.  When  this  ethyl  acetate  is 
forced  through  the  Sep-Pak  after  the  water,  it  aay  elute  the 
hydrocarbons  retained  on  the  Sep-Pak.  The  concentration 
range  for  JP-4  ia  water  was  chosen  so  that  the  concentra¬ 
tions  of  the  individual  aajor  components  of  JP-4  were  conpa- 
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cable  to  the  concentration  range  foe  the  single  hydrocarbons 
(1-1500  PPH) .  These  concentrations  were  all  based  on  aaount 
of  hydrocarbon  of  interest  pec  20  nl  of  water. 

An  exaaple  of  the  capability  of  the  Sep-Pak  to  cgacei}- 
tcate  a  dilate  sanpls  of  hydrocarbon  fron  water  is  deaon- 
strated  by  the  chronatogran  in  Figure  1.  Under  the  chroaa- 
tographic  conditions  ased  the  aliphatics  were  not  well 
resolved.  The  alkylbenzenes,  however,  were  well  separated 
and  quantitation  of  each  coaponent  was  possible. 

Bissassifiii 

Sep-Pak  C- 18  cartridges  fron  a  single  lot  gave  consistent 
recovery  efficiencies  for  the  hydrocarbons  investigated  over 
a  range  of  1-1500  PPH  in  20  nl  of  water  (Table  1).  Differ¬ 
ent  lots  of  Sep-Paks,  however,  gave  significantly  differed 
recovery  efficiencies  for  the  sane  coapound.  SAM SB,  et  aL. 
(1979)  found  the  sane  variation  using  toluene  and  benzene  in 
water.  For  sanples  containing  nore  than  1500  PPH,  we  found 
that  voluaes  less  than  20  nl  should  be  processed.  On  the 
other  hand,  larger  voluaes  of  nore  dilute  sanples  would  give 
a  neasurable  recovery.  SAN2B,  et  al.  (1979)  describe  a 
nethod  for  calculating  the  optiaua  saapling  voluae  for  ben¬ 
zene  in  water.  They  observed  that  when  large  voluaes  of  a 
dilute  solution  were  passed  through  a  Sep-Pak  the  trappiqg 
efficiency  was  reduced,  perhaps  as  a  result  of  the  high  flow 
rate  they  used  for  loading  the  Sep-Pak. 
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Fig  1.  GLC  of  the  water-soluble  fraction  of  JP-4  in 
water.  10  pi  JP-4  in  500  ml  of  water  was 
mixed  for  16  hours  and  concentrated  with  a 
Sep-Pak  C18.  RT  (.01  min),  detector:  FID,  . 
5  x  10-12  A  full-scale. 


Data  in  Table  1  indicates  single  hydrocarbons  are  gener¬ 
ally  trapped  aore  efficiently  than  when  present  in  a  aixtuce 
of  hydrocarbons.  This  has  been  seen  by  nuaerous  other  in¬ 
vestigators  using  various  types  of  nacroreticular  (XAD)  re¬ 
sins  and  several  coluaa  designs  {JQMK,  et  al. ,  1974,  STEPHSM 
S  SHITS  1977,  CBAMG  S  FRITZ  1978,  TATEDA  &  FRITZ  1978.  TAM 
ROSSOH  8  HEBB  1978,  ORESSLER  1979,  SAMBR  et  al. ,  1979,  and 
JANARDAS  &  SCHAEFFER  1980) •  Care  Bust  be  used  whea  applying 
trapping  efficiencies  obtained  froa  analysis  of  single  hy¬ 
drocarbons  to  experiaental  saaples  in  which  a  aixture  of  hy¬ 
drocarbons  is  present.  If  the  trapping  efficiency  used  is 
unrealistically  high,  the  estiaation  of  the  concentration  of 
the  hydrocarbon  under  study  will  be  lower  than  what  is  actim 
ally  present  in  the  saaple. 

Data  in  Table  1  also  indicates  that  the  efficiency  of 
trapping  of  the  solutes  by  the  Sep-Pak  is  iaproved  by  the 
addition  of  a  saall  anount  of  organic  solvent.  Several  pos¬ 
sible  explanations  can  be  advanced  to  explain  this  result, 
including:  (a)  the  organic  solvent  increases  the  solubility 
of  the  solute  in  water,  (b)  it  alters  the  hydrophobic  inter¬ 
face  between  the  packing  aaterial  in  the  Sep-Pak  sufficient¬ 
ly  so  the  aaterial  can  interact  with  the  solute  in  water, 
(c)  the  solvent  reduces  the  loss  of  solute  on  the  barrel  ai\d 
plunger  of  the  syringe  used  to  push  the  saaple  through  the 
Sep-Pak,  or  any  coabination  of  the  above  options. 
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SAM  SB,  et  al. ,  (1979)  report  that  the  order  in  which  ben¬ 
zene  and  toluene  are  concentrated  froa  a  water  saaple  with  a 
Sep-Pak  influences  the  trapping  efficiency  of  the  Sep-Pak. 
In  a  water  saaple  containing  a  auaber  of  coapoaeats  the  or¬ 
der  in  which  any  coaponeat  is  added  cannot  be  controlled  a«d 
therefore  all  coaponents  aust  be  concentrated  at  one  tiae. 
In  the  present  study,  hydrocarbon  saaples  were  added  to  wa¬ 
ter  either  individually,  in  a  aizture  of  14  coapounds,  or  as 
JP-4  jet  fuel  (Table  1).  There  was  variability  in  the  abil¬ 
ity  of  the  Sep-Pak  to  concentrate  aliphatics  froa  watec. 
This  could  have  been  due  to  their  rather  low  solubility  in 
water  and  higher  volatility.  Recovery  of  the  aliphatics  in 
JP-4  was  greater  thaa  in  the  standard  aizture. 

Efficiency  of  the  Sep-Pak  for  concentrating  alkylbeazenes 
froa  water  varies.  Toluene  is  wore  efficiently  trapped  when 
it  is  the  only  conponent  present.  Ethylbenzene  and  a-  &  p- 
zylene  are  not  as  efficiently  trapped  when  they  are  present 
independently.  Rhea  the  hydrocarbon  aatriz  is  coaplex,  as 
with  JP-4,  the  trapping  efficiency  is  less  than  in  the  less 
coaplez  aizture.  The  overall  average  efficiency  of  recovery 
of  the  standard  hydrocarbon  aizture  is  soaewhat  greater  thaa 
for  JP-4.  There  was  a  great  difference  in  recovery  between 
the  JP-4  added  to  water  in  ethyl  acetate  aad  JP-4  added  di¬ 
rectly  to  water.  These  observations  indicate  care  should  he 
exercised  when  drawing  conclusions  about  the  efficiency  of 
ZAO,  Sep-Pak  or  other  trapping  natrices  and  that  trapping 
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efficiencies  foe  single  organic  compounds  are  not  equivalent 
to  those  found  when  aulti-coaponent  aixtures  are  involved. 

The  chronatogran  in  Pigure  1  shows  that  a  Sep-Pak  can  be 
used  to  concentrate  a  relatively  dilute  sanple  of  JP-4  nixed 
with  water.  Hhen  the  Sep-Pak  is  to  be  used  to  concentrate 
hydrocarbons  fron  sore  dilute  solutions  of  JP-4  in  water 
larger  voluaes  of  water  aust  be  processed.  Hhen  larger  vol- 
unes  of  water  are  forced  through  a  Sep-Pak,  evaluation  and 
quantitation  of  data  should  be  done  with  caution.  SANEB,  et 
al. ,  (1979)  report  that  benzene  and  toluene  are  lost  fron 
the  Sep-Pak  when  large  voluaes  (aore  than  150  nl)  of  seawa¬ 
ter  are  passed  through  the  Sep-Pak. 

In  this  work,  a  Sep-Pak  has  proven  to  be  a  useful  tool 
for  concentrating  aliphatics  and  alkylbeazenes  fron  water. 
It  was  5  to  10X  less  efficient  than  XAD,  as  reported  by 
DBESSLEB  (1979),  for  concentrating  sone  of  the  sane  aronat- 
ics.  This  however  is  not  a  great  reduction  in  efficiency 
when  the  ease  and  convenience  of  using  these  cartridges  is 
considered.  The  C-18  packing  aaterial  used  in  the  Sep-Pak 
is  rather  hydrophobic.  A  further  extension  of  the  useful¬ 
ness  of  this  technique  would  be  to  use  a  aini-colunn  packed 
with  note  polar  bonded  phase  such  as  C8  or  C 2.  These  col- 
unns  could  be  used  to  concentrate  the  aore  water  soluble  or¬ 
ganics  fron  water. 
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Tl-'F  1  DF  I  1 1 F I  CAT]  OK  AND  CTAI T  JFIf A1  !  CT  OF  V'Al  FP.-FOi  IF  L  F 


FYDFOCAFFONS 

CFNFFATED  EY  TIT  OFFFATIOF  OF  TV’O-CYOLF  OUTFOAPF  NOTOFS 

V.  Edvard  t'crtx,  Jr."*,  Fotert  I.  Puyear,  ard  James  D.  Frammer 
Department  of  Zoology,  Forth  Dakota  State  University,  Fargo, 
North  Dakota,  561C2 

Abstract.  A  7.0  horsepower  (FP)  ard  a  10.0  HP  outboard 
notor  were  operated  at  3>FC0  +  200  revoluticrs-per-mirute 
(rptr)  and  1,700  +  200  rpm  respectively  for  ?0  rrir  in  a 
160  L  tank  of  tapvater.  Exhaust  hydrocarbons  were 
ccrcertrated  by  passage  through  a  reverse  phase 

extraction  cciumn,  and  then  eluted  with  either 
etr.ylacetate  cr  acetonitrile.  Cas-liauid  (CIC)  ?rd/or 
high  performance  liquid  (FPLC)  chrcre t cgraphv  araiyses 
were  used  for  identification  end  ouant i f i ca t i or  of  nine 
hydrocarbons.  Identities  were  confirmed  for  sever  of 
these  usirg  GLC/mass  spectrometry.  Four  additional 
hydrocarbons  were  tentatively  identified  with  these 
procedures.  Aromatic  compounds  composed  the  majority  of 
the  hydrocarbons  detected;  only  a  few  aliphatics  were 


^Present  address:  Department  of  Fisheries  and  V’ildlife, 
Virgiria  Polytechnic  Institute  ard  State  University, 
Elacksburg,  VA  2*1061. 
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present  and  those  ir  trace  amounts. 

In  the  I’.S.  curing  1977,  5C0,000  new  outboard  rrotors  vere 
purchased,  with  a  total  of  approximately  7  million  motors  ir 
use.  Average  size  of  the  motors  was  h|iJ.h  horsepower  (HP) 
(U.S.  Census  Pureau  1979).  Compared  with  other  types  of 
internal  combustion  engines,  outboard  motors  are 
inefficient,  releasing  significant  amounts  of  raw  fuel 
mixture  and  of  fumes  into  the  water  (Furatori  1988;  Stewart 
ard  Howard  1988;  Ferrer  1970;  Jackivicz  ard  Fuzminski  197?). 

The  chemical  composition  of  gasolines  used  in  outboard 
motors,  as  well  as  of  other  refined  fuels  and  crude  oils, 
has  been  extensively  studied  (Howard  and  Ferguson  1981; 
Fartir  and  Winters  198?;  Schwartz  and  Prasseaux  1 9 8 ? ; 

Snyder  et  al.  198?;  Sanders  and  Favrard  1988;  Coleman  et  al. 
1973;  Papazcva  and  Fankova  1975;  DiCorcie  et  al.  1978). 
Eecause  there  is  a  substantial  amount  of  gasoline  in  the 
exhausts  of  outboard  motors,  these  exhausts  contain  many  of 
the  same  hydrocarbons  that  are  found  in  gasolines  and  oils. 
English  et  al.  (1963)  identified  major  pollutants  in 
exhausts  as  nonvolatile  oils  (the  lubricating  oils  in  the 
fuel  mixture),  volatile  oils  (the  gasoline  in  the  fuel 
mixture),  phenols,  and  lead.  They  did  not  identify  specific 
hydrocarbons,  nor  classes  of  hydrocarbons  present.  In  an 
unpublished  progress  report  (Kuzmirski  et  al.  1973)  six 
hydrocarbons  were  identified  as  water-soluble  components  of 


ciMtrf-iri  rotor  ext  rusts,  tut  qu?rt  i  f  i  oat  i  cp  of  these 
ccmpourds  w?s  rot  acccrp] 5  shed .  Csctwend  (  1979)  examired 
the  temporal  variations  of  volatile  organic  ccmpourd 
concert ra t  i crs  in  coastal  seawater  from  Vireyard  fcurd, 
f-'ass.  He  found  tte  C^,-  ?rd  C^-l  enscres  were  tfe  rest 
presistently  aburdant  ccrpcurcs  and  that  tteir 
concentrations  were  ?  to  1C  tires  higher  ttar  average 
immediately  after  summer  weeberds  ir  which  tourist  ard 
recreational  activities  were  greatest.  This  corresponded  to 
periods  in  which  rrotorboats  were  most  heavily  used.  Studies 
to  determine  the  compounds  in  outboard  motor  exhausts  ere 
needed  (Jackivicz  and  Kuzminski  1973;  Liddle  and  Scorgie 
1?£0).  Eecause  information  on  outboard  motor  exhaust 
composition  was  lacking,  this  study  focused  upon 
identification  and  quantification  of  wa  ter-scl  ubl  e  hydro¬ 
carbons  in  these  exhausts. 

Materials  and  Methods 

Outboard  Motors 

Two  two-cycle  outboard  motors  were  selected  for  study.  Ore 
was  a  7.0  HP  1972  single  cylinder,  air-ccoled  motor  with  a 
recycling  system  for  re-ignition  of  unburred  crankcase 
material.  The  other  was  a  10.0  HP  195^  two  cylinder,  water- 
cooled  motor  which  exhausted  crankcase  residuals  directly 
into  the  water.  Poth  motors  used  the  same  50:1  gasolineroil 


fuel  mixture  ard  were  in  good  operating  condition.  Thr  gas- 
clir.e  used  was  regular  grade  fuel  obtained  locally;  a  5C:1 
tvc-cycle  motor  lubricant  was  used. 

Tests  with  the  two  rr.ctcrs  were  run  separately.  Each 
rotor  vas  placed  irto  a  clean  stairless  steel  tark  filled  to 
160  L  with  tapv.ater  and  run  for  ?0  irin.  The  7.0  HP  rrotor 
was  operated  at  3,g0C  +  2C0  rprr  for  ?0  min.  The  10  HF  rrcdel 
was  run  at  1,700  +  200  rprr  because  operation  at  higher  rpir's 
resulted  in  excessive  agitation  and  water  loss  froir  the 
tank.  Fuel  consumption  was  measured  volumetr i cal ] y . 

Sample  Preparation 

Hater  samples  were  taken  from  the  bottom  of  the  tank  via  a 
spigot  and  filtration  through  a  ?  nir  Killepore  filter 
followed  by  a  0.22  nrn  Killepore  filter  was  started 
immediately  to  remove  emulsified  components.  Hydrocarbons 
remaining  in  the  aqueous  phase  after  filtration  were 
designated  water-solubl e  fractions.  All  samples  were  kept 
refrigerated  until  analysis,  which  was  completed  within  8  h 
after  collection. 

Hater-soluble  fractions  were  ccncentrated  using  a 
column  containing  pellicular  silica  coated  with 
cctadecasi 1 ane  (^ig,  available  from  Haters  Associates, 
Kilford,  KA  under  the  tradename  Sep-Pak).  Before  use  each 
column  was  conditioned  to  the  aqueous  phase  before  use  by 


parsing  1  rl  cf  (thy  ]  acetate,  followed  by  5  ml  of  distilled 
water  through  the  column.  Exhaust  water  samples  ( b CO  tc  600 
rl)  were  then  forced  through  the  cclurrr.  Hydrocarbons  were 
then  eluted  with  2  rr  1  cf  ethylacetate  or  acetonitrile. 

Sirce  solvent  peaks  frequently  rrssk  unknown  peaks,  the  use 
of  two  solvents,  each  havirg  a  different  retention  tire,  was 
recessary.  All  solvents  used  were  spectral  grade  (Furdick 
and  Jackson,  I'uskegon,  f'l).  Durirg  filtration,  a  ?ep-Pak 
was  placed  in  the  vaccuum  line  to  collect  volatiles  which 
right  have  been  lost  from  the  sample.  These  were  eluted  in 
the  same  irarner  as  the  dissolved  hydrocarbons . 

Hydrocarbon  Concentration  Determinations 

A  Feckran  1'cdel  CC  45  OLC  equipped  with  a  flare  ionization 
detector  was  used  for  sore  analyses.  A  244  cm  stainless 
steel  column  (2  rm  I.D.)  packed  with  10? 

1 ,2,3-TRIS(2-cyeroethyoxy)propane  on  100/120  Chrorosorb 
P.A.V.  (Supelco,  Inc.,  Pellefonte,  PA)  was  used.  Pertinent 
operating  conditions  were  N?  column  =  20  cm^/irin,  F?  =  UU 
cm-Vmin,  air  =  240  cm.^/mir,  carrier  makeup  =  60  cm^/min, 
inlet  temperature  =  170°,  detector  temperature  =  170°,  and 
detector  line  temperature  =  205°.  All  analyses  were 
performed  isothermally  at  80°  +  2°.  Sample  injection 
volumes  were  0.2  ul. 
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An  Altex  Kcdcl  ?22  I'P  FPI.C  was  a]ro  used.  The  column 
(25  cm  long  with  A. 6  mt!  I.P.)  was  packed  with  I  ichrcsorb 
stationary  phase  cn  10  ricron  support  rraterial  (Altex 
Associates,  Berkeley,  CA).  The  analytical  colurrn  was 
protected  by  a  guard  colurrn  packed  with  Chromcsorb  LC-M 
coated  v:ith  a  Cj£  stationary  phase  (  John  s-Kanvi  1 1  e ,  Tenver, 
CO).  A  70:30  ratio  of  acetonitrile  and  water  at  a  flow  rate 
cf  1.5  ml/min  was  used  to  elute  the  cclurrn.  Feaks  were 
detected  with  a  fixed  wavelength  ultraviolet  detector 
operated  at  25*1  rm.  Samples  were  injected  onto  the 
chromatographic  column  with  a  20  ul  fixed  loop  injection 
valve. 

Data  from  both  chromatographs  were  fed  into  a  Spectra- 
Physics  SF^OOO  data  system  and  quantified  using  an  external 
standard  program.  Calibration  was  checked  daily  ard 
tapwater  and  solvent  blanks  were  run  and  subtracted  from 
sample  concentrations.  Identification  of  the  components  was 
was  determined,  in  part,  by  comparison  of  retention  times  of 
the  unknowns  with  those  of  known  standards  (Alltech 
Associates,  Arlington  Heights,  IL)  and  by  peak  enhancement 
techniques . 

To  obtain  molecular  weights  of  the  unknown  compounds, 

0.5  ul  aliquots  of  the  sample  eluate  were  injected  into  a 
Varian/FAT  112S  double  focussing  magnetic  mass  spectrometer 
equipped  with  a  Varian  3700  gas  chromatograph.  A  glass 
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cclurn  27^  err  lerg  by  2  mm  I.D.  was  packed  with 
1 ,2, ?-7EIS(2-cyareethoxy)prcpare  on  10C/120  P.A.F.  silica. 
The  rrass  spectrometer  and  ges-liauid  chromatograph  were 
interfaced  with  a  glass  jet-faced  separator.  The  data 
systerr  erplcved  was  an  SS  2C0  Varies  Spectral  System. 
Fertirent  eperatirg  data  were:  Fe  carrier  =  2^  ern/min, 
irjectcr  temperature  =  1F0°,  column  temperature  =  f0°, 
detector  teirperature  =  200°,  ard  separator  teirperature  = 
190° . 

Results 

Figure  1  shows  a  gas-liquid  chroiratograph  of  the 
hydrocarbons  present  in  exhausts  from  the  7.0  FP  motor. 
Chromatographs  similar  in  pattern,  but  with  larger  peak 
areas,  were  obtained  from  10.0  HP  metor  exhausts.  Fire 
different  peaks,  corresponding  to  nine  individual  water- 
soluble  hydrocarbons  were  detected  using  GLC.  Three 
additional  peaks,  each  corresponding  to  a  pair  of 
hydrocarbons,  were  also  detected  using  GLC.  The 
concentration  of  benzene  (peak  not  shown  in  Figure  1)  was 
determined  by  separate  chromatographic  analyses  of 
concentrated  exhaust  hydrocarbons  eluted  with  acetonitrile. 
Identified  compounds  and  their  concentrations  are  listed  in 
Table  1.  Individual  detector  response  factors  were  employed 
in  determining  concentrations  for  each  compound. 
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Table  1.  V.’atcr-sc]  uble  hydrocarbon  corcentrat icrs  produced  by  operating  7. 
outboard  motors  for  30  min  in  160  L  of  tapwater 


Ccr  pound 

Concertrat i on 
7.0  FPr 

( ppm,  vol : vcl )  . 

10.0  HPb 

trace  r-decane,  r-dodecane, 
and  unknowns 

7.78 

+  0.37 

o .  ’9 

+0 . 28 

retbylberzere 

1 .10 

+  0.  12 

2.6* 

+0.06 

r -propyl benzene 

0.03 

+  0.00 

— 

ethylbenzene 

0.09 

+  0.10 

2.19 

+0.03 

1,3-diethylbenzene  and 

1  ,b-diethylbenzene 

2.27 

+  0.1O 

7.66 

+0.13 

isopropylbenzene 

0.10 

+0.00 

0.65 

+0.02 

1 ,2-dirrethylbenzene 

1  .l»o 

+  0.07 

5.70 

+0.12 

1  -ire  thy  1-3 -ethyl  benzene 
and  1-methyl-l)- 
ethylbenzene 

2.1 ?8 

+0.  18 

9.25 

+0.  17 

1-irethyl-2-ethyl  benzene 

1 .011 

+  0.0* 

3.70 

+0.  10 

1  ,2,l}-trirrethylbenzene 

7.88 

+0.56 

2*. 2* 

+0.89 

1,2, 3-tr i methyl benzene 

1.93 

+0.03 

5.0U 

+0.12 

benzene 

0.23 

+0.03 

7.58 

+0.58 

unknowns 

5.63 

21.6V 

“Values  expressed  as  the  mean  +1  standard  deviation  of  7  GL C  analyses 
^Values  expressed  as  the  mean  +1  standard  deviation  of  5  GLC  aralyses 


Table  1.  Water-soluble  hydrocarbon  concentrations  produced  by  operating  7.0  and  10.0  HP 
outboard  motors  for  30  min  in  160  L  of  tapwater 
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alues  expressed  as  the  mean  +1  standard  deviation  of  7  GLC  analyses 
alues  expressed  as  the  mean  +1  standard  deviati^n  of  5  GLC  analyses 


Hydrccarbc.rs  rot  identified  were  assigrod  intermediate 
response  factors  for  purposes  of  auar t i f i ce t i on .  Values 
reported  in  Table  1  take  into  accourt  the  different  recovery 
efficiercies  previously  determined  for  each  ccirpourd  (Fuyear 
et  al.  1?8l).  Urkncv.TS  comprized  17?  end  22?  of  the  tctal 
exhaust  hydrocarbons  from  the  7.0  HP  ard  10.0  HP  motors, 
respectively.  Similar  concentrations  for  the  aromatic 
compounds  were  obtained  using  KFHC. 

Mass  spectral  analysis  verified  the  identity  of 
methyltenzene  (toluene),  r-prcpyl benzene , 

1 , 2-dimethylbenzene  (c-xylene),  1 -methyl -2-ethylbenzene , 

1 , 2 , 4-tr i methyltenzene ,  1 ,2,3-trimethylberzere  ard  benzene. 
Tentative  identification  was  made  for  four  other 
hydrocarbons.  1 , 3-dimethylbenzere  (p-xvlere)  ard 
1  ,*l-dimethylbenzene  (o-xylene)  which  had  identical  molecular 
weights  and,  using  cur  chromatographic  procedures  with  1,3- 
ard  1 , ^-dimethylbenzene  standards,  identical  retention 
times.  Thus  we  could  not  determine  whether  one  or  both  of 
these  compounds  were  present  in  peak  number  6  Figure  1.  VTe 
were  able  to  determine  the  total  concentration  which  is 
reported  in  Table  1.  Peak  number  9  (Figure  1)  also 
contained  either  one  or  both  of  a  pair  of  hydrocarbons 
( 1-methyl-3-ethylbenzene,  1-methyl-l|-ethylbenzere)  having 
the  same  molecular  weight  and  identical  retention  times. 
Again,  the  presence  of  one  or  both  of  these  compounds  was 


A  third  peak,  r umber  1  ir 


suggested  ty  rr-ss  spectrometry. 

Figure  1,  was  thought  to  certain  r-decare  and  r-dodecane 
because  the  retention  tirre  of  this  peak  ratehed  that  of 
correspond i ng  standards.  The  identity  of  the  oorrpcurds  in 
peak  r.urrber  1  ceuld  not  be  verified  by  ress  spcctrcmetry. 
This  peak  also  ircluded  substantial  cuartitics  of 
unidentified  hycrceartcrs  since  the  values  cbtaired  exceeded 
the  ccirbined  solubility  of  both  ocrpcurds  in  water. 

Discussion 

Sep-Paks  provide  substantial  improvement  over  sample 
concentration  procedures  used  in  previous  studies.  The 
columns  allowed  samples  to  be  concentrated  in  mirutes  rather 
than  hcurs  and  did  not  require  the  application  of  heat  or 
evaporation  with  inert  gases.  Fecause  of  this,  fewer 
volatiles  were  lost  than  with  earlier  procedures.  Our  data 
indicated  that,  at  least  for  the  hydrocarbons  tested,  all 
were  recovered  with  efficiencies  rangirg  from  ^6  to  69% 

(mean  =  62%)  (Kontz  1 9 8 0 ;  Puyear  et  al.  1981).  Because 
recoveries  of  these  compounds  were  relatively  equal,  Sep- 
Paks  are  versatile  in  concentrati rg  and  recovering  complex 
mixtures  of  unknown  hydrocarbons  from  aqueous  samples. 

The  design  of  two-cycle  outboard  motors  allows  a  wide 
variety  of  petroleum  hydrocarbons  to  be  exhausted  into  water 
because  intake  and  exhaust  strokes  are  combined  (Muratori 


1 1 


1988).  This  results  ir  inefficient  operation  (ftcvert  erd 
Fcv.ard  1988).  Ir  these  meters,  the  intake  end  exhaust 
valves  are  open  durirg  overlapping  periods  of  tire  so  that 
the  fresh  fuel-air  rixture  can  pass  out  the  exhaust  pert 
vitheut  heirg  ccrhusted.  Thus,  rany  of  the  rater-soluble 
1  ydrccerbon s  from  gasolines  are  also  found  ir  cutbeard  rrctor 
exhaust . 

Nine  distinct  compounds  ir  cutbcai'd  motor  exhaust  were 
identified  as  water-solubl e  hydrocarbons .  Four  others  were 
tentatively  identified.  Of  these,  the  aromatics  were 
present  in  highest  concentrations.  In  comparison,  refined 
gasoline  composition  is  primarily  aliphatic  in  nature. 
Aliphatics  were  probably  not  present  ir  substantial 
quantities  in  exhaust  water  samples  because  of  their  low 
solubility  in  water  (5haw  1977).  Our  qualitative  eralyses 
have  shown  that  the  monocyclic  aromatics  are  presert  in 
highest  concentrations,  and  these  ccmpourds  are  toxic  to 
biological  systems  (Fenville  and  Korn  1977). 

Although  not  fully  definitive,  mass  spectral 
fragmentation  patterns  appeared  which  were  character:' stic  of 
oxygen  containing  compounds.  Those  hydrocarbons  not 
identified  in  Figure  1  were  probably  partial  oxidation 
products  from  the  combustion  of  outboard  motor  fuels. 

Partial  oxidation  results  in  the  release  of  phenols, 
alcohols,  aldehydes,  esters,  ketones,  and  acid  derivatives 
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(Fuzmirrki  e  t  a  1  .  197  3)  - 


The  chrorptf  rr?phic  data  irdioatrd 


these  ccrpcunds  vere  presort  ir  relatively  era]] 
concert  rat i ers . 

Studies  on  the  biological  effects  of  outboard  rrctor 
exhausts  have  shewn  a  variety  of  deleterious  effects  can 
occur  (Jsckivicz  and  Kuomirrki  1973;  Clark  et  al  .  197*0. 
These  studies  have  not  clearly  identified  specific  toxic 
compurds.  V’e  report  here  specific  hydrocarbons  and  their 
ccncertrat ions  of  some  of  the  vat er-sol ubl e  components  of 
outboard  motor  exhausts.  Additional  studies  into  the 
biological  rcle  of  these  compounds  are  underway. 
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